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Abstract 

Trade  and  other  policies  are  being  considered  by  the 
U.S.  Forest  Service  according  to  the  terms  of  the  Forest  and 
Rangeland  Renewable  Resources  Planning  Act  of  1974  (Public 
Law  93-378, 93d  Congress,  S.2296).   This  paper  describes  the 
issues  involved  in  the  question,  "Should  we  or  should  we  not 
attempt  to  reduce  net  imports  of  forest  products?" 

In  terms  of  volume,  net  imports  of  forest  products 
amount  to  about  12  percent  of  U.S.  consumption.   The  value 
of  imports  exceeds  the  value  of  exports  by  about  $1.5  billion 
Most  of  U.S.  softwood  imports  come  from  Canada  and  hardwoods 
from  South  Korea,  Taiwan,  Japan,  and  the  Philippines.   Japan 
and  the  Common  Market  countries  are  the  major  markets  for 
U.S.  forest  products  exports. 

Without  a  change  in  ti-ade  policy,  net  imports  of  forest 
products  may  increase.   Constraints  on  options  for  increasing 
exports  or  decreasing  imports  limit  the  feasibility  of 
policies  designed  to  change  existing  and  expected  trade 
patterns. 

Policies  should  be  weighed  in  terms  of  their  effects  on 
both  international  and  domestic  goals.   Most  effects  of 
changes  in  either  import  or  export  policies  would  be  due  to 
increases  in  the  relative  prices  of  forest  products. 

There  is  no  clear  rationale,  either  in  theory  or  in 
existing  U.S.  trade  policy,  for  balancing  imports  and  exports 
of  a  commodity. 
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Preface 


Analysis  of  U.S.  trade  policy  necessarily 
involves  many  sensitive  issues.   The  author's 
evaluation  of  these  issues  may  not  correspond 
<  with  U.S.  Forest  Service  or  other  Federal  policy. 

^  There  is  no  unanimity  of  opinion  among 

analysts  of  forest  products  trade  policies  on 
O  many  of  the  issues  which  have  been  raised  in 

this  paper.   The  paper  has  been  published  be- 
^  cause  of  the  wide  interest  in  the  subject  matter. 

ju  It  is  intended  for  use  as  a  background  report  and 

2  should  interest  members  of  the  forest  products 

2  industries  and  others  who  are  affected  by  forest 

products  trade  policies. 
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Introduction 

The  United  States  has  a  complex 
mix  of  national  and  international 
goals.   The  potential  for  achieving 
these  goals  is  determined  by  policies 
which  guide  the  allocation  of  natural 
resources  within  the  world  economy. 
World  trade  in  natural  resources, 
including  those  from  the  forest,  is 
growing.  The  options  available  to 
change  the  current  pattern  of  trade 
in  forest  products  should  be  part  of 
any  assessment  of  U.S.  timber  policy 
issues. 

The  purpose  of  this  report  is  to 
describe  both  the  options  available 
and  the  constraints  on  these  options. 
The  report  is  structured  to  provide  a 
background  of  the  role  of  forest 
products  trade  in  the  U.S.  economy 
and  the  issues  involved  in  framing 
policies,  before  the  questions  of 
policy  options  and  constraints  are 
discussed. 

U.S.  forest  products  trade 
in  perspective 

TRENDS  IN  NET  IMPORTS 

Ties  between  the  Canadian  and 
U.S.  economies  have  made  the  United 
States  a  longstanding  net  importer  of 
forest  products.   Trade  has  been  con- 
centrated in  softwood  products;  most 
of  the  imported  volume  has  been 
lumber  and  newsprint  from  Canada. 

After  relative  stability  in  the 
1950' s,  domestic  production,  consump- 
tion, and  trade  increased  (tables  1, 
2,  and  3).   By  the  1970' s,  exports 
were  over  four  times  the  level  of  the 
1950' s  and  imports  more  than  double. 
Although  imports  remained  concentrated 
in  softwood  lumber  and  newsprint, 
imports  of  pulp  and  hardwood  veneer 
and  plywood  increased.   Most  of  the 
increased  export  volume  was  in  pulp 
and  paper  products  and  softwood  logs. 


Increases  in  exports  and  domestic 
production  have  kept  net  imports 
relatively  stable  at  10  to  12  percent 
of  domestic  consumption  as  shown  by 
the  following: 


Net  imports  as  a 
Year       percent  of  consumption 


1950 

13.9 

1951 

12.1 

1952 

11.7 

1953 

12.3 

1954 

12.0 

1955 

12.1 

1956 

12.1 

1957 

11.8 

1958 

12.2 

1959 

12.5 

1960 

12.0 

1961 

12.5 

1962 

13.5 

1963 

12.5 

1964 

11.5 

1965 

11.6 

1966 

11.8 

1967 

10.4 

1968 

10.4 

1969 

11.1 

1970 

8.7 

1971 

12,0 

1972 

12.3 

1973 

12.2 

Sources:  Phelps  and  Hair  (1974) 


In  terms  of  value,  the  annual 
forest  products  trade  deficit  (imports 
minus  exports)  fluctuates  in  response 
to  changing  market  conditions  but  has 
generally  stayed  within  the  $1  billion 
to  $1.5  billion  range  as  shown  in  the 
following  tabulation.   The  relatively 
low  deficit  in  1970  reflects  increased 
domestic  production  of  pulp-based 
products,  increased  log  exports,  and 
decreased  imports  of  all  products. 
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Year       Imports      Exports       Deficit 

-  -  -  -  Million  dollars   -  -  -  -  - 


1961 

1,636.2 

649.7 

986.5 

1962 

1,763.7 

655.2 

1,108.5 

1963 

1,715.4 

738.7 

976.7 

1964 

1,790.0 

866.6 

923.4 

1965 

1,958.4 

917.2 

1,041.2 

1966 

2,163.6 

1,024.3 

1,139.3 

1967 

2,091.5 

1,150.9 

940.6 

1968 

2,427.1 

1,362.2 

1,064.9 

1969 

2,714.1 

1,508.3 

1,205.8 

1970 

2,527.9 

1,818.0 

709.9 

1971 

2,921.2 

1,692.5 

1,228.7 

1972 

3,606.9 

2,037.6 

1,569.3 

1973 

4,426.6 

3,007.7 

1,418.9 

Sources:   Kaiser  and  Mills  (1973)  and  Phelps 
and  Hair  (1974) . 


Over  the  past  decade,  the  value 
of  imports  has  remained  concentrated 
in  lumber,  chiefly  softwood,  woodpulp, 
and  paper  and  paperboard  products, 
primarily  newsprint  (fig.  1).   The 
dollar  value  of  exports  was  concen- 
trated in  woodpulp  and  paper  and 


paperboard  products  during  the  early 
1960's  (fig.  2).   During  the  1970's, 
export  value  of  all  forest  products 
increased,  the  biggest  gains  being  in 
logs  and  lumber.   On  a  commodity 
basis,  the  United  States  is  a  net 
importer  except  for  logs. 


1961 


1963 


1965 


1967 


1969 


1971 


Other  wood  products 

Logs 

Veneer  and  plywood 


Lumber 


Woodpulp 


Paper  and  paperboard 


1973 


Figure   1.  — Value  of  imports  by  product,    1961-73.      "Other  wood  products" 
includes  cork  products  and  wooden  packing  boxes;    "Logs"   includes 
pulpwood  and  chips;    and   "Woodpulp"   includes   small   amount  of  waste- 
paper.       (Sources:      Kaiser  and  Mills    (1973)    and  Phelps   and  Hair 
(1974).) 


Other  wood  products 


Logs 


Veneer  and  plywood 


Lumber 


Woodpulp 


Paper  and  paperboard 


Figure  2 .--Value  of  exports  by  product,    1961-73.      "Other  wood  products" 
includes   cork  products   and  wooden  packing  boxes;    "Logs"   includes 
pulpwood  and  chips;    and    "Woodpulp"   includes   small   amount  of  waste- 
paper.      Sources:      Kaiser  and  Mills    (1973)    and   Phelps   and  Hair    (1974).) 


U.  S.  TRADE  PATTERNS  FOR 
MAJOR  FOREST  PRODUCTS 

Foreign  trade  issues  develop  on 
an  individual  commodity  basis.  Much 
trade  legislation  deals  with  con- 
straint or  liberalization  of  imports. 
Restrictive  policies  often  develop 
through  political  efforts  of  indus- 
tries that  consider  themselves  adverse- 
ly affected  by  imports.   In  reaching 
a  decision,  Congress  must  weigh  gains 
from  import  competition  against  the 
costs  of  disruption  to  domestic 
industry. 

Imports  of  a  specific  commodity 
may  also  be  limited  to  foster  a 


competing  domestic  industry.   For 
example,  a  country  may  tax  automobile 
imports  as  an  incentive  to  domestic 
manufacture  of  autos.   Imports  of  a 
specific  commodity  may  also  be  limited 
to  regulate  consumption;  for  example, 
a  tariff  on  oil  imports  is  expected 
to  decrease  consumption  of  oil  and 
stimulate  development  of  other  sources 
of  energy. 

Imports  of  specific  commodities 
may  be  limited  to  channel  foreign 
exchange  into  other  higher  priority 
items.   Thus,  a  country  may  heavily 
tax  imported  consumer  goods  to  acquire 
foreign  exchange  for  purchase  of 
industrial  goods. 


Policies  to  boost  exports  of 
specific  commodities  generally  seek 
to  stimulate  employment,  achieve 
other  domestic  goals,  or  earn  foreign 
exchange.   In  the  United  States, 
policies  to  limit  or  change  the  form 
of  exports  have  come  to  the  forefront 
in  recent  years  because  of  the  impact 
of  exports  on  domestic  interests. 
Temporary  limits  on  agricultural 
exports  were  initiated  because  the 
export  market  caused  domestic  prices 
to  rise.   Proposals  to  limit  softwood 
log  and  lumber  exports  imply  the 
protection  of  the  supply  of  domestic 
raw  material--with  benefits  to  final 
price  and  availability  of  products. 

Trade  policies  for  specific 
commodities  may  differ  from  the 
overall  philosophy  of  a  country 
toward  international  trade.   Through 
the  political  system,  members  of  an 
industry  may  be  successful  in  restrain- 
ing trade  despite  a  philosophy  of 
trade  liberalism.   Trade  restraint  in 
specific  commodities  necessarily 
complicates  fulfillment  of  a  liberal 
trade  philosophy,  especially  in 
negotiations  to  reduce  tariff  or 
other  barriers. 

For  trade  policies  in  forest 
products,  the  linkage  between  a 
policy  and  domestic  goals  means  that 
not  only  must  the  effect  of  a  policy 
on  net  trade  position  or  other  inter- 
national goals  be  assessed,  but  the 
effect  on  domestic  goals  must  be 
included  as  part  of  the  evaluation. 


Since  the  forest  products  indus- 
tries are  only  part  of  a  general 
economic  system,  their  trade  policies 
should  be  evaluated  within  the  context 
of  the  system.   The  effectiveness  of 
different  policies  will  vary  accord- 
ing to  domestic  and  international 
supply  and  demand  conditions  for  each 
product  and  for  substitute  and  comple- 
mentary commodities.   For  example, 
the  United  States  and  the  Union  of 
Soviet  Socialist  Republics  are  the 
only  countries  which  export  signifi- 


cant quantities  of  softwood  logs,  but 
many  countries  export  softwood  lumber. 

Issues  which  evolve  from  trade 
policies  will  depend  in  part  on  the 
countries  involved.   For  example, 
U.S.  policies  to  reduce  forest  pro- 
ducts imports  may  be  countered  through 
reduction  of  market  access  for  U.S. 
exports  or  through  withholding  of  key 
materials . 


The  most  important  forest  pro- 
ducts imported  during  1973  by  leadinj 
country  of  origin  were: 


Million 

dollars 

Softwood  lumber 

(total) 

1,362.6 

Canada 

1,315.7 

Woodpulp  (total) 

659.3 

Canada 

626.3 

Newsprint 

1,184.8 

Canada 

1,132.6 

Hardwood  veneers 

(total) 

76.4 

Canada 

36.5 

Philippines 

19.6 

Hardwood  plywood 

(total) 

388.3 

South  Korea 

165.5 

Taiwan 

82.7 

Japan 

55.5 

Philippines 

40.2 

Source:   U.S.  Bureau  of  the  Census 
(1974b). 


These  commodities  accounted  for 
$3.7  billion  out  of  total  forest 
products  imports  of  $4.4  billion. 
Clearly,  if  the  United  States  wants 
to  reduce  imports,  policies  should  be 
directed  primarily  to  softwood  lumber, 
newsprint,  and  woodpulp  from  Canada. 
Hardwood  veneer  and  plywood  imports 
amount  to  $464.7  million;  policies  to 
reduce  these  imports  must  be  directed 
primarily  to  Asian  countries. 


The  values  of  1973  exports  for 
selected  commodities  and  countries  of 
destination  were: 


Million 

dollars 

Softwood  logs  (tota 

1) 

759.9 

Japan 

707.3 

Softwood  lumber  (total) 

506.0 

Japan 

114.7 

Italy 

70.9 

Canada 

67.6 

West  Germany 

35.6 

United  Kingdom 

19.3 

Pulp  chips  (total) 

85.7 

Japan 

84.6 

Woodpulp  (total) 

420.3 

Japan 

79.8 

United  Kingdom 

37.7 

Italy 

35.7 

Canada 

10.6 

Paper  and  board  (total):  918.5 
Kraft  container  board 

liners,  unbleached  235.8 

West  Germany  36.4 

United  Kingdom  30.8 


These  commodities  accounted  for 
$2.7  billion  out  of  total  1973  forest 
products  exports  of  $3  billion. 
Japan  was  the  major  market  for  U.S. 
softwood  logs  and  pulpwood  chips, 
with  purchases  totaling  $792  million. 

Other  exports  went  to  many 
countries;  and  policies--especially 
for  the  more  highly  processed 
products--should  be  framed  with  this 
fact  in  mind.   Exports  of  raw  mate- 
rials are  concentrated  in  Japan. 


FOREST  PRODUCTS  TRADE 
COMPARED  WITH  TOTAL  U.  S. 
IMPORTS  AND  EXPORTS 

During  the  1960's,  forest  pro- 
ducts imports  as  a  percentage  of  all 
commodity  imports  declined  from  about 
11  to  6  percent;  corresponding 
values  for  exports  rose  from  3  to 
about  4  percent  (fig.  3). 


Source: 
(1974a) 


U.S.  Bureau  of  the  Census 


1961 


1963 


1965 


1967 


1969 


1971 


1973 


Figure   3, — Forest   products    trade   as   a   percent   of  all    U.S. 
merchandise   trade,    1961-73.      Percentages  are  based  on 
forest  products    trade   data   from  Kaiser   and  Mills    (1973) 
and  Phelps  and  Hair    (1974) ;    merchandise   trade  data   are 
from  Council   of  Economic  Advisers    (1974) . 


U.S.  imports  and  exports  of 
conunodities  are  both  dominated  by 
manufactured  goods  (table  4) .   The 
United  States  is  a  net  exporter  of 


agricultural  products  and  raw  mate- 
rials and  a  net  importer  of  mineral 
f ue 1 s . 


TABLE  4.— Value  of  U.S.  commodity  imports  and  exports,  1973 

(Millions  of  dollars) 


Commodity  group 


Imports 


Exports 


Food  and  live  animals 

Beverages  and  tobacco 

Inedible  crude  materials  except  fuels 

Mineral  fuels,  lubricants,  and 
related  materials 

Oils  and  fats,  animal  and  vegetable 

Chemicals 

Manufactured  goods,  classified 
chiefly  by  material 

Machinery  and  transport  equipment 

Miscellaneous  manufactured  articles 

Commodities  and  transactions  not  classified 

Total 


7,986 


11,931 


1,213 

1,008 

4,988 

8,384 

8,101 

1,671 

255 

684 

2,437 

5,748 

13,198 

7,161 

20,970 

27,842 

8,184 

3,951 

1,790 

1,844 

69,122 


70,224 


Includes  wood,  lumber,  and  cork  at  an  import  value  of  $1,522  million  and  an  export  value  of 
$1,303  million  and  pulps  and  wastepaper  at  an  import  value  of  $669  million  and  an  export  value  of 
$487  million. 

^  Includes  wood  and  cork  products  at  an  import  value  of  $781  million  and  an  export  value  of 
$299  million  and  paper  paperboard,  and  paperboard  products  at  an  import  value  of  $1,457  million 
and  an  export  value  of  $919  million. 

Source:  U.S.  Bureau  of  the  Census  (1974a,  1974b). 


When  considering  the  relative 
effectiveness  of  different  forest 
products  policies,  we  should  keep  the 
perspective  that  policies  to  change 
the  flow  of  other  commodities  may 
better  achieve  national  and  interna- 
tional goals. 


Background  for  framing 
policies 


THE  TARIFF  AND  HOW 
IT  AFFECTS  TRADE 

The  term  "tariff"  can  be  applied 
to  taxes  on  imports  or  exports.  An  ad 
valorem  tariff  taxes  a  fixed  percent- 
age of  the  value  of  the  commodity;  a 
specific  tariff  taxes  a  fixed  sum  of 
money  per  physical  unit  of  the  commod- 
ity.  About  one-half  of  the  import 
duties  applied  by  the  United  States 
are  the  ad  valorem  type,  and  one-half 
are  the  specific  type.   Export  taxes 
are  illegal  in  the  United  States. 

Whether  the  buyer  or  the  seller 
pays  the  tariff  depends  on  the  elas- 
ticities of  supply  and  demand  for  the 
commodity.   The  more  elastic  the 
import  demand  schedule  relative  to 
the  export,  supply  schedule,  the  more 
the  tariff  will  be  borne  by  the 
exporting  country.   In  general,  the 
price  to  the  exporter  will  decline 
and  the  price  to  the  importer  will 
increase  if  a  tariff  is  applied  to 
either  imports  or  exports. 

If  imports  are  taxed,  production 
expands  in  the  industries  producing 
substitutes.   With  full  employment, 
this  expansion  can  be  accomplished 
only  by  drawing  resources  away  from 
industries  that  presumably  rank 
higher  in  the  order  of  comparative 
advantage  (otherwise,  the  resources 


would  have  been  employed  there  in  the 
first  place,  even  before  the  tariff). 
The  tariff  forces  a  redistribution  of 
income  from  other  industries  to 
substitute  industries,  and  from  the 
general  public  to  the  government. 
Because  the  import  tariff  raises  the 
price  to  the  consumer  and  protects 
the  domestic  producer,  its  effects 
are  comparable  to  those  of  a  combined 
tax  and  subsidy  (Kreinin  1971). 

A  tax  on  exports  decreases 
foreign  demand  for  the  previously 
exported  item,  decreases  its  domestic 
price,  and  decreases  domestic  produc- 
tion of  the  commodity  and  its  substi- 
tutes, possibly  to  the  benefit  of 
unrelated  commodities.   It  also 
forces  a  redistribution  of  income 
from  taxed  to  nontaxed  industries, 
possibly  to  consumers,  and  to  the 
government.   The  net  effect  on  income 
distribution  to  consumers  depends  on 
how  much  prices  of  other  commodities 
are  altered. 

If  an  export  tax  is  levied  to 
relieve  a  domestic  shortage  of  the 
commodity,  domestic  production  may 
not  decline.   Export  taxes,  which  are 
illegal  in  the  United  States,  may  be 
imposed  by  other  governments  to  earn 
foreign  exchange. 

A  tariff  on  imports  may  eliminate 
competition  for  a  domestic  industry 
and  thereby  increase  monopoly  control. 


NONTARIFF  BARRIERS  TO  TRADE 

The  March  1973  International 
Economic  Report  of  the  President 
(Council  on  International  Economic 
Policy  1973)  points  out  that  27  main 
categories  of  nontariff  barriers 
(NTB)  are  reflected  in  800  notifica- 
tions made  by  countries  participating 
in  an  inventory  undertaken  by  the 
General  Agreement  on  Tariffs  and 
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Trade.—   Examples  include  preferential 
government  procurement  practices,  ex- 
port and  domestic  subsidies,  variable 
levies,  quantitative  restrictions, 
discriminatory  taxes,  customs  valuation 
practices,  and  product  standards  that 
protect  domestic  suppliers. 


Many  nontariff  barriers  elude 
inventory.   They  arise  mainly  from 
differences  in  political-economic 
practices.   For  example,  in  some 
countries,  local  businesses  agree 
among  themselves  not  to  import  certain 
types  of  competing  merchandise, 
sometimes  with  informal  support  from 
the  government.   In  addition,  govern- 
ment economic  and  social  programs 
have  included  features  that  either 
obstruct  imports  directly  or  encourage 
exports  by  artificially  lowering 
costs. 

The  precise  effect  of  NTB  is 
usually  difficult  to  identify  or 
measure,  and  some  probably  do  not 
have  a  major  impact  on  trade.  There 
is  general  agreement,  however,  that 
many  nontariff  measures  have  been 
framed  or  administered  in  a  manner 
which  gives  a  significant  competitive 
advantage  to  domestic  producers  and, 
in  certain  cases,  even  constitutes  a 
virtual  prohibition  against  import. 
Although  most  of  the  nontariff  distor- 
tions operate  to  limit  import  compe- 
tition, others  are  also  widely  used 
to  encourage  exports.   Various  types 
of  subsidies  and  other  incentives  to 
export  fall  in  this  category. 

Two  of  the  more  common  NTB  are 
the  import  quota  and  the  export 
subsidy.   Import  quotas  generally 
have  as  an  objective  protection  of  a 
domestic  industry  from  competition. 


—  See  Kreinin  (1971)  for  a  discussion 
of  the  functions  of  the  General  Agreement 
on  Tariffs  and  Trade. 


Some  of  the  effects  are:   Consumption 
of  the  commodity  declines  as  consumers 
switch  to  substitutes,  production  of 
substitutes  expands,  and  government 
revenue  increases  if  import  licenses 
are  auctioned  (Kreinin  1971).   The 
effects  of  the  quota  on  total  employ- 
ment, income,  balance  of  payments, 
and  other  criteria  depend  on  what 
happens  to  the  economic  system  in 
total. 

The  issue  of  export  subsidies 
comes  up  often  in  trade  in  agricul- 
tural commodities.   The  effect  is  to 
channel  resources  from  nonsubsidized 
industries  into  production  of  the 
subsidized  commodity.   Income  is 
redistributed  from  the  general  public 
and  other  industries  to  the  sub- 
sidized industry.   Again,  the  net 
effect  on  domestic  and  international 
goals  depends  on  the  total  impact  on 
the  economic  system. 

Within  the  U.S.  forest  products 
field,  one  of  the  major  NTB's  is  the 
prohibition  of  log  exports  from 
Federal  lands  west  of  the  100th 
meridian.   One  effect  of  this  policy 
is  a  shifting  of  foreign  demand  to 
private  and  State  of  Washington 
Department  of  Natural  Resources 
lands.   Income  is  redistributed  from 
Federal  to  other  lands,  resources  are 
maintained  in  firms  dependent  on 
Federal  timber  and  possibly  disrupted 
in  domestic  firms  dependent  on  other 
lands  for  timber  purchases.   The  net 
effect  on  domestic  and  international 
goals  depends  on  the  total  economic 
system  and  not  just  on  the  individuals 
and  firms  directly  affected  by  the 
policy. 

The  actions  of  cartels  affect 
trade  and  are  in  effect  NTB.  Cartels 
composed  of  individual  firms  in  an 
industry,  possibly  in  different 
countries,  are  not  new.   Many  indus- 
tries composed  of  a  limited  number  of 
companies  have  been  pointed  to  as 
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having  the  objectives  of  cartels, 
which  may  include  price  fixing, 
allocation  of  world  markets  among 
member  firms  to  avoid  competition, 
and  control  of  technological  research 
and  development  (Kreinin  1971).   U.S. 
antitrust  legislation  has  been  used 
to  bring  charges  against  specific 
firms  or  groups  of  companies  in 
domestic  industries.   Examples  include 
members  of  the  following  industries: 
southern  pine  plywood,  gypsum  board, 
plumbing  fixtures,  computers,  and 
telephone  equipment. 


International  cartels  include 
the  International  Air  Transport 
Association  and  Organization  of 
Petroleum  Exporting  Countries  (OPEC) . 

The  U.S.  Domestic  International 
Sales  Corporation  (DISC)  program  in 
effect  subsidizes  U.S.  exports  by 
postponing,  under  certain  conditions, 
taxes  on  up  to  one-half  of  the  income 
from  exports. 

All  of  these  NTB's  influence 
trading  patterns  through  manipulation 
of  factors  which  affect  a  country's 
comparative  advantage.  Each  NTB  has 
an  effect  on  allocation  of  resources 
and  distribution  of  income  in  a 
country's  economy. 

Trade  unions  or  other  multicoun- 
try  trade  organizations  contain 
elements  of  cartels.  Typically, 
members  of  the  organization  give 
other  member  nations  preferential 
treatment  in  trade  compared  with 
nonmembers.  The  European  Common 
Market  is  an  example  of  this  arrange- 
ment.  This  arrangement,  in  effect, 
gives  member  countries  a  comparative 
advantage  in  member  countries'  markets. 


THE  EFFECT  OF  SUPPLY  AND 
DEMAND  ELASTICITIES  ON  THE 
SUCCESS  OF  DIFFERENT 
TRADE  POLICIES 


In  the  U.S.  economic  system, 
trade  patterns  are  generally  changed 
through  policies  which  change  or 
maintain  commodity  prices.   Exceptions 
to  this  philosophy  are  restrictions 
on  exports  of  sensitive  materials  or 
restrictions  on  trade  with  specific 
countries.   Relative  domestic  and 
international  commodity  prices  guide 
producer  and  consumer  decisions. 

The  effectiveness  of  different 
trade  policies  will  depend  in  part  on 
how  producers  and  consumers  respond 
to  changes  in  relative  prices.  The 
elasticities  of  domestic  and  interna- 
tional supply  and  demand  measure  in 
part  how  producers  and  consumers 
respond  to  changes  in  price.   Domestic 
or  international  goals  related  to 
price  stability  or  aggregate  commodity 
values  are  especially  sensitive  to  the 
supply  and  demand  elasticities 
for  a  commodity,  its  substitutes,  and 
its  complements. 

The  effect  of  a  trade  policy  on 
total  U.S.  balance  of  payments  depends 
on  these  elasticities.   For  example, 
a  decrease  in  import  volume  would 
increase  its  total  value  if  demand 
for  the  commodity  were  inelastic  but 
would  decrease  value  if  demand  were 
elastic.   The  decrease  in  value  may 
be  offset  if  substitute  commodities 
are  imported. 

In  the  case  of  exports,  an 
increase  in  volume  would  decrease 
total  value  if  foreign  demand  were 
inelastic  but  would  increase  value  if 
foreign  demand  were  elastic.   The 
effectiveness  of  U.S.  export  promotion 
policies  will  also  depend  on  the 
elasticity  of  supply  of  similar 
products  in  competing  supply  regions. 
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These  elasticities  may  change 
over  time  and  over  the  range  of 
prices  and  quantities  in  supply  and 
demand  schedules. 


THE  EFFECT  OF  FLOATING 
EXCHANGE  RATES  ON  DIFFERENT 
TRADE  POLICIES 

Floating  exchange  rates  can 
offset  the  intended  effects  of  ad 
valorem  and  specific  tariffs.   As  a 
country's  currency  is  devalued  rela- 
tive to  other  countries',  the  price 
of  its  exports  declines  compared  with 
that  of  other  countries.   Lower 
prices  increase  the  competitive 
position  of  these  products.   If 
prices  are  lowered  enough,  the  prod- 
ucts become  competitive  in  a  domestic 
market  despite  tariffs  intended  to 
limit  imports. 

Inflation  also  tends  to  erode 
the  intended  effect  of  specific  and 
ad  valorem  tariffs  by  reducing  the 
value  of  the  tariff  relative  to  the 
total  value  of  the  product. 


Quotas  and  other  NTB's  which  are 
not  related  to  price  are  relatively 
unaffected  by  floating  exchange  rates 
or  other  measures  of  relative  advan- 
tage. 


ADMINISTRATION  OF 
BARRIERS  TO  TRADE 


Tariffs  are  relatively  easy  to 
administer.   The  specific  tariff  of 
dollars  per  unit  of  product  is  less 
complicated  than  the  ad  valorem 
tariff  which  requires  a  valuation  of 
the  product.   Subsidies  for  exports 


of  a  commodity  also  consumed  domes- 
tically are  more  difficult  to  admin- 
ister. Typically,  domestic  consumption 
is  subsidized  to  the  same  extent  as 
exports.   Import  quotas  involve  the 
problem  of  allocating  the  quotas 
among  importers  and  over  time.   Other 
NTB's  vary  in  need  for  administration. 


National  policies  on  imports  and 
exports  require  approval  of  the  U.S. 
Congress  unless  Congress  has  delegated 
the  authority.  Flexibility  can  there- 
fore vary  according  to  terms  specified 
in  each  trade  policy.   Terms  may  be 
in  response  to  short-term  conditions, 
such  as  imposing  a  temporary  prior 
import  approval  system  for  grains  or 
other  commodities  and  monitoring  U.S. 
exports  of  these  commodities,  or  to 
long-term  policies  designed  to  develop 
or  maintain  an  industry  for  national 
security  reasons. 


From  the  standpoint  of  satisfying 
cyclical  patterns  of  consumer  demand, 
the  nonprohibitory  tariff  has  an 
advantage  in  that  imports  can  respond 
to  surges  in  demand  despite  the 
tariff.   In  the  case  of  a  quota,  the 
response  to  surges  in  demand  is  the 
price  of  the  commodity.   A  cyclical 
pattern  of  demand  can  be  expected  to 
result  in  spot  shortages  if  response 
from  imports  is  prohibited. 


If,  for  some  reason,  the  national 
policy  is  to  balance  net  imports  of  a 
specific  commodity,  a  mix  of  flexible 
import  and  export  constraints  and 
incentives  would  be  necessary  to 
pursue  this  goal  over  time.  Interna- 
tional and  domestic  markets  change  in 
response  to  changing  supply  and 
demand  conditions.  A  policy  to 
promote  long-term  development  of  an 
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industry  or  other  objectives  should 
reconcile  long-term  with  short-term 
needs  of  the  country. 


COMPARATIVE  ADVANTAGE 
AS  THE  BASIS  FOR  TRADE 


In  a  free  market  situation, 
nations  trade  because  the  exchange  is 
mutually  beneficial.   Countries 
export  goods  or  services  for  which 
they  have  a  comparative   advantage 
with  other  countries.  Comparative 
advantage  is  defined  as  the  relative 
costs  of  producing  a  unit  of  each 
good  or  service  in  each  country.   For 
example,  assume  that  in  the  United 
States  a  thousand  square  feet  of 
hardwood  plywood  costs  $150  to  produce 
and  wheat  $3  per  bushel;  assume 
corresponding  costs  for  another 
country  are  $75  for  plywood  and  $10 
for  wheat.   In  the  United  States,  the 
ratio  of  the  cost  of  plywood  to  wheat 
is  15  and  in  the  other  country  7.5. 
In  this  simplified  example,  the 
United  States  would  produce  only 
wheat  and  import  all  its  plywood 
needs.   The  other  country  would 
produce  only  plywood  and  no  wheat. 
For  more  than  two  countries  and  two 
commodities,  trading  patterns  become 
correspondingly  complex,  but  the 
principle  of  comparative  advantage 
determines  what  is  traded  between  any 
two  countries.   If  the  two  countries 
have  different  currencies,  an  exchange 
rate  between  the  two  currencies  will 
develop  and  permit  the  flow  of  trade 
between  the  two  countries.   The  exact 
exchange  rate  depends  on  the  supply 
and  demand  for  the  two  goods  in  the 
two  countries.   Floating  exchange 
rates  would  result  in  a  rate  which 
balances  export  and  import  values 
between  the  two  countries. 

Various  multinational  trading 
patterns  develop.   For  example,  a 
country  with  an  inexpensive  labor 


supply  may  import  raw  materials, 
process  them,  and  sell  finished 
products  to  a  third  country. 

The  ultimate  trade  flows  among 
countries  are  limited  by  increasing 
costs  of  production  and  price- 
responsive  demand  in  each  country. 

Trade  also  occurs  or  is  curtailed 
for  reasons  other  than  those  outlined 
under  a  free  market  situation.   For 
reasons  of  national  interest,  a 
country  may  sell  at  reduced  rates  or 
give  to  other  countries  commodities 
or  services  which  the  countries  would 
otherwise  not  be  able  to  import.   Or 
a  country  may  limit  or  refuse  to 
export  or  import  specific  commodities 
or  services  from  other  countries. 
Import  or  export  patterns  which  are 
"forced"  as  against  what  would  have 
occurred  under  the  principle  of 
comparative  advantage  may  achieve  the 
goals  of  national  interest  at  a  cost 
of  trading  opportunities  forgone.  In 
unique  circumstances,  a  country  may 
have  such  an  overwhelming  comparative 
advantage  in  a  specific  commodity  and 
limited  import  needs  that  achievement 
of  the  national  interest  is  compatible 
with  domestic  goals. 

Trade  policies  to  increase  or 
decrease  imports  or  exports  operate 
to  change  the  comparative  advantage 
which  would  have  existed  without  the 
policies.   Presumably,  these  policies 
would  be  implemented  to  offset  the 
impacts  of  trade  where  impact  is 
measured  in  terms  of  conflicts  with 
domestic  policies  or  other  reasons  of 
national  interest.  A  policy  to  decrease 
imports  of  forest  products  may  decrease 
the  total  value  of  imports  but  would 
increase  the  cost  of  forest  products 
to  the  consumer.   Subsidy  programs  to 
make  domestically  produced  goods 
cheaper  to  the  consumer  would  offset 
to  some  extent  the  cost  of  forest 
products  to  users,  but  the  total  cost 
would  be  increased.   To  be  balanced 
against  this  increased  cost  is  the 
contribution  of  the  policy  toward 
domestic  or  other  goals.  A  policy  to 
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increase  exports  of  forest  products 
may  have  the  effect  of  increasing  the 
total  value  of  U.S.  exports,  but  at 
the  price  of  subsidies  or  other  costs 
related  to  export  promotion  programs 
and  possible  dislocation  of  domestic 
industries  dependent  on  the  commodity 
being  exported. 

Policies  to  reduce  imports  or 
increase  exports  have  the  intention 
of  improving  the  advantage  of  U.S. 
producers  relative  to  other  producers 
of  similar  products  in  competing 
regions.   In  the  case  of  imports,  if 
U.S.  producers  do  not  have  the  capa- 
bility to  respond,  the  effect  of  the 
policy  is  to  raise  prices  of  the 
commodity  and  increase  the  use  of 
substitutes  where  the  United  States 
may  or  may  not  have  a  comparative 
advantage.   In  the  case  of  exports, 
policies  to  increase  exports  may  not 
be  effective  if  U.S.  producers  do  not 
have  the  capability  to  respond  or  if 
other  countries  counter  the  U.S.  move 
by  implementing  their  own  export 
promotion  policies.   Potentials  for 
decreased  forest  products  imports  and 
increased  exports  are  discussed 
later. 

In  addition  to  the  potential 
effect  of  forest  products  trade 
policies  on  other  commodities  and  the 
issues  raised  by  these  impacts,  the 
value  of  forest  products  exports  or 
imports  affects  exchange  rates  between 
the  U.S.  dollar  and  other  nations' 
currencies.   The  exchange  rate  deter- 
mines the  final  terms  of  payments  to 
be  made  for  all  imported  or  exported 
items.   Fluctuations  in  this  rate  due 
to  changes  in  the  value  of  imported 
and  exported  goods  and  services  have 
an  impact  on  the  stability  of  domestic 
operations  and  affect  the  feasibility 
of  implementation  of  all  international 
trade  policies. 

Exchange  rates  are  based  on  the 
relative  supply  and  demand  for  each 
country's  currency.   Demand  for  a 
currency  reflects  the  current  compara- 
tive advantage  of  each  country  and  a 


speculative  element  based  on  expecta- 
tions of  the  future  strength  of  each 
currency  relative  to  that  of  other 
countries.   For  example,  if  future 
devaluation  of  a  currency  is  expected, 
this  decreases  the  current  demand  for 
that  currency.   Domestic  policies 
enter  into  this  speculation  through 
evaluation  of  the  future  stability  of 
a  country's  comparative  advantage. 
Domestic  problems  such  as  inflation 
tend  to  be  viewed  as  indicators  of 
future  devaluation  of  a  country's 
currency.  Forest  products  trade 
policies  which  are  not  consistent 
with  programs  to  deal  with  domestic 
problems  .such  as  inflation  may  work 
against  the  overall  goals  of  the 
trade  policy.   For  example,  export 
promotion  programs  for  a  commodity  at 
a  time  when  the  price  of  commodity  is 
increasing  rapidly  in  the  domestic 
market  may  be  counterproductive  for 
exchange  rate  goals. 

THE  ROLE  OF  COMMODITIES  IN  THE 
BALANCE  OF  PAYMENTS  ISSUE 

The  balance  of  payments  always 
balances.   Balance  of  payments  trans- 
actions are  tabulated  with  a  double- 
entry  system:   each  transaction  has 
debit  and  credit  aspects  of  equal 
size.   Table  5  shows  the  different 
categories  under  which  debits  and 
credits  are  tabulated.  An  excess  of 
debits  or  credits  in  one  or  more  of 
these  categories  must  be  matched  by 
an  equal  excess  of  credits  (or  debits) 
in  the  remaining  ones. 

The  "balance  of  payments"  gener- 
ally refers  to  the  surplus  or  deficit 
position  of  the  total  for  the  basic 
balance.   All  the  items  in  the  current 
account  and  long-term  capital  category 
are  viewed  as  indicators  of  the 
overall  strength  of  an  economy. 
Before  implementation  of  floating 
exchange  rates  in  1973,  chronic 
deficits  in  this  category  were  viewed 
as  a  problem  in  maintenance  of  fixed 
exchange  rates.   Chronic  deficits 
precipitated  crises  which  were  gener- 
ally followed  by  devaluation  of  the 
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currency  of  the  country  with  the 
deficit  problem.   Floating  exchange 
rates  automatically  devalue  or  revalue 
currency  according  to  the  deficit  or 
surplus  of  a  country's  balance  of 
payments . 

Devaluation  of  a  currency  cheap- 
ens that  country's  exports  and  raises 
the  cost  for  imports;  this  should 
lead  to  export  expansion  and  import 
curtailment  needed  for  a  balance  in 
the  basic  balance  category.   For  any 
time  period,  if  the  basic  balance 
shows  a  surplus  or  deficit,  the 
balancing  items  in  the  double  entry 
accounting  system  are  short-term 
claims  and  liabilities  and  errors  and 
unrecorded  transactions.   Allocations 
of  Special  Drawing  Rights  are  not  a 
factor  in  the  balance  of  payments 
since  the  move  to  floating  exchange 
rates. 

The  major  changes  in  our  balance 
of  payments  have  been  attributable  to 
swings  in  merchandise  trade.   As 
shown  in  figure  4,  the  merchandise 
trade  balance  went  from  a  $6.8  billion 
surplus  in  1964  to  a  deficit  of  about 
that  much  in  1972.   Merchandise  trade 
went  from  a  deficit  in  1972  to  a 
surplus  in  1973  due  primarily  to 
devaluation  of  the  dollar  effected 
through  floating  exchange  rates 
initiated  during  1973.   Figure  5 
shows  the  magnitude  of  major  currency 
movements  during  1973.   Changes  in 
relative  currency  values  have  an 
effect  on  trade  in  specific  commodi- 
ties only  after  a  lag  of  several 
months  to  several  years.   The  lag 
time  depends  on  conditions  such  as 
availability  of  capacity  to  produce 
the  commodity. 

Floating  exchange  rates  cause 
the  basic  balance  in  the  balance  of 
payments  accounts  to  be  self- 
correcting;  a  move  to  a  deficit 
position  will  be  countered  by  a 
devaluation;  a  move  to  a  surplus 
position  will  be  countered  by  an 
upward  valuation  of  the  country's 
currency.  However,  fluctuations  in 
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Figure  4. — U.S.    basic  balance 
trends.      Source:      Figure   21, 
Council   on   International 
Economic  Policy    (1974) . 
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Figure   5. — Currency   trends  since 
March   19,    1974.      Source:      Fig- 
ure 18,    Council   on  International 
Economic  Policy    (1974) . 


currency  cause  fluctuations  in  the 
supply  of  imported  or  exported  raw 
materials  and  finished  products. 
These  fluctuations  may  not  be  compat- 
ible with  employment,  price  and  other 
domestic  policies,  or  other  goals  of 
foreign  trade.   International  trade 
policy  questions  are  now  developing 
and  will  probably  continue  to  be 
based  on  the  impact  of  changes  in 
exchange  rates  on  domestic  policies 
rather  than  solely  on  policies  to 
correct  balance  of  payments  problems. 

There  are  differing  philosophies 
on  the  need  for  policies  to  affect 
the  U.S.  balance  of  payments  under  a 
floating  exchange  rate  system  (Friedman 
and  Roosa  1967) . 

One  argument  is  that  we  should 
pursue  domestic  policies  to  the 
fullest  extent  possible  and  let 
balance  of  payments  and  other  interna- 
tional trade  aspects  of  the  economy 
take  care  of  themselves  through  the 
floating  exchange  rate  system.   Any 
adverse  effects  of  our  trading  pattern 
on  the  economies  of  other  countries 
or  the  U.S.  economy  will  be  taken 
care  of  by  the  supply  and  demand  for 
each  country's  currency.   Proponents 
of  this  argument  point  to  the  role  of 
trade  in  the  U.S.  economy  as  being  of 
minor  consequence  compared  with  total 
production.   For  example,  in  1972, 
exports  amounted  to  less  than  15 
percent  of  total  U.S.  production  of 
goods.   Pursuit  of  international 
policies  independent  of  their  effects 
on  domestic  programs,  according  to 
this  argument,  is  similar  to  the 
"tail  wagging  the  dog." 

Countering  this  argiiment  is  the 
rationale  that  the  United  States  is 
becoming  increasingly  dependent  on 
world  trade  to  maintain  the  U.S. 
standard  of  living.   Instability  in 
exchange  rates  translates  into  insta- 
bility in  trade  which  is  disruptive 
to  the  U.S.  economy.   Domestic  poli- 
cies needed  to  insure  stable  growth 
in  trade  are  essential  for  increased 
living  standards,  not  only  in  the 
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United  States  but  in  the  rest  of  the 
world. 

Both  arguments  stress  the  achieve- 
ment of  domestic  goals.   Neither 
argument  necessarily  implies  that 
"more  exports  are  better."  Stability 
in  exchange  rates,  and  therefore 
trade,  may  require  domestic  policies 
which  are  incompatible  with  domestic 
goals.   Whether  either  argument 
should  be  used  as  the  basis  for  trade 
policies  depends  on  the  policymaker's 
weighing  of  the  trade  offs  among 
international  and  domestic  goals. 

BALANCE  IN  SPECIFIC  COMMODITIES 

The  principle  of  comparative 
advantage  would  only  by  coincidence 
lead  to  equality  of  imports  and 
exports  for  a  specific  commodity.   On 
the  contrary,  the  basis  for  trade 
should  lead  to  specialization  for  at 
least  some  commodities.   Policies  to 
decrease  or  increase  imports  or 
exports  develop  because  of  the  current 
or  potential  impact  of  trade  on 
domestic  industries  or  goals  and  not 
because  of  an  objective  of  balancing 
trade  in  the  commodity. 

The  need  for  import  or  export 
policies  to  stabilize  trade  or  ex- 
change rates  should  be  evaluated 
within  the  framework  of  the  country's 
total  trade  position  and  not  on  a 
commodity-by-commodity  basis:   Sur- 
pluses in  some  commodities  are  neces- 
sary to  offset  deficits  in  other 
commodities.   The  feasibility  of 
initiating  policies  to  increase 
exports  of  one  commodity  to  decrease 
imports  of  another  depends  on  the 
trade  offs  involved  between  domestic 
and  international  goals. 

The  basis  for  trade  may  also 
lead  to  U.S.  imbalances  in  trade  with 
individual  countries  but  an  overall 
advantage.   The  March  1973  Interna- 
tional Economic  Report  of  the  President 
(Council  on  International  Economic 
Policy  1973)  states  that:   "Our 
primary  objective  is  to  achieve  an 


overall  payments  balance,  not  a 
balance  in  any  particular  accounr.  or 
with  any  individual  country  or  group 
of  countries." 

Exchange  rate  fluctuations  of 
the  U.S.  dollar  are  based  on  the 
country's  total  trade  position  and 
not  the  U.S.  trade  position  with  each 
individual  country  or  with  each 
individual  commodity. 

THE  BALANCE  OF  PAYMENTS  ISSUE 
WITHIN  THE  PERSPECTIVE  OF  THE 
GOALS  OF  TRADE 

Specific  trade  policies   for  the 
United   States   depend  on  the   issues 
which  have  developed   for  specific 
commodities   and   the  overall    foreign 
policy  between   the  United  States   and 
each  trading  partner.      The  apparent 
overall   philosophy  which  guides   U.S. 
trade  policy  negotiations   is  repre- 
sented by  this   statement    in   the  March 
1973    International   Economic   Report  of 
the   President    (Council   on   Interna- 
tional   Economic   Policy   1973): 

Our  basic   objectives    in  multilateral 
trade  negotiations   are: 

1.  to  build  on  and   expand   interna- 
tional  economic   efficiency  by 
removing  obstacles   to  the   freer 
play  of  market    forces    in  deter- 
mining  the    level   and  pattern  of 
world   trade,    while   at   the   same 
time  developing  agreed   rules 
under  which   safeguards   could  be 
invoked  when   abrupt   increases   in 
competition   threaten   to  disrupt 
national  markets,   and 

2.  to  obtain  changes    in  the   system 
under  which  nations   conduct 
their  trade  relations   to  ensure 
that   the   rules   are   fair  and 
apply  equitably  to  all  parties. 

These  objectives   aim  at   fostering 
economic   growth  and  employment    in  the 
United  States,    liberalizing  trade 
barriers   on  a  basis   that   secures 
substantially  equivalent   competitive 
opportunities    for  U.S.    commerce   in 
foreign  markets,    establishing  equity 
in   international   trading  relationships 
(including  reform  of  trade   rules). 
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providing  adequate  procedures  to 
safeguard  U.S.  industry  and  labor 
from  injurious  or  unfair  import 
competition,  and  assisting  industries, 
firms  and  workers  to  adjust  to  trade 
changes.  This  policy  implies  that 
the  United  States  reserves  the  right 
to  initiate  other  policies  as  a 
safeguard  to  counter  the  effect  of 
exchange  rate  variations  if  they 
undermine  negotiated  concessions.  An 
example  of  this  philosophy  is  the 
temporary  restraint  on  grain  exports. 

The  Trade  Act  of  1974  (H.R. 
10710)  sets  the  terms  of  U.S.  trade 
negotiations  for  years  to  come. 
These  terms  are  generally  consistent 
with  the  objectives  stated  in  the 
International  Economic  Report  of  the 
President  (Council  on  International 
Economic  Policy  1973) . 

The  balance  of  payments  issue 
within  the  perspective  of  these  goals 
is  not  the  only  basis  for  development 
of  trade  policies.    Rather  than  a 
balance  between  imports  and  exports, 
these  goals  imply  policies  to  expand 
trade,  both  imports  and  exports, 
consistent  with  domestic  stability. 
The  apparent  rationale  for  the  goal 
of  expansion  of  trade  is  that  trade 
is  mutually  beneficial  to  all  partici- 
pants and  ultimately  raises  the 
standard  of  living  in  participating 
countries . 

The  Trade  Act  of  1974  gives  the 
President  authority  to  negotiate 
balance  of  payments  problems,  but  the 
need  for  implementation  of  policies 
under  this  authority  is  to  be  based 
on  the  overall  trade  balance  and  not 
on  the  balance  of  any  one  commodity. 

CARTELS 

The  apparent  success  of  OPEC  in 
the  area  of  crude  oil  has  increased 
interest  in  the  possibility  of  cartels 
which  might  regulate  forest  products 
imports  into  the  United  States. 
Interest  is  centered  not  on  industrial 
cartels  but  on  multinational  cartels 
among  governments. 


Bergsten  (1974)  points  out  con- 
ditions for  a  successful  cartel: 

1.  Demand  for  the  product  must  be  rela- 
tively insensitive  to  price  changes. 

2.  Supply  of  the  product  must  be  rela- 
tively insensitive  to  price  changes. 

3.  Potential  colluding  countries  must 
be  able  to  get  along  with  each 
other. 


These  conditions  are  necessary 
for  formation  of  a  cartel  but  appear 
to  be  incomplete  for  successful 
sustained  operation  of  a  cartel.   The 
following  conditions  would  facilitate 
successful  cartel  operation: 

1 .  Demand  for  the  commodity  is  grow-  , 
ing  and  not  subject  to  sharp  cy-  ' 
clical  swings  in  price  and  volume.  '. 
If  this  condition  does  not  exist,  i 
the  cartel  faces  the  problems  of  - 
reconciling  production  with  demand 

so  as  to  maintain  price.   In  a 

cyclical  downturn  situation,  the  j 

production  cutbacks  necessary  to  j 

maintain  price  may  be  intolerable  " 

to  the  domestic  economies  of  some  ' 

cartel  members.  i 

2.  Several  distinct  markets  for  the 
cartel's  products  have  been  devel- 
oped.  This  condition  enables  the 
cartel  to  bargain  independently 
with  each  market.   If  this  condi- 
tion is  not  present,  the  cartel 
must  negotiate  terms  with  just 
one  country  and  the  lack  of  com- 
peting consumers  reduces  the 
leverage  of  the  cartel  in  these 
negotiations. 

3.  The  commodity  is  a  necessity  to 
maintain  the  life  style  or  stand- 
ard of  living  of  consuming  coun- 
tries.  Petroleum  and  other  raw 
materials  are  basic  to  an  indus- 
trial society.   If  these  raw  mate- 
rials are  suddenly  not  available, 
the  society  must  change  or  accom-   s 
modate  the  cartel.   If  this  con- 
dition does  not  exist,  consuming 
countries  have  the  option  of  not 
negotiating  with  the  cartel. 
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4.   Cartel  members  must  not  be  wholly 
dependent  on  consuming  countries 
for  maintenance  and  development 
of  members'  economies.   If  consum- 
ing countries  can  retaliate 
against  the  cartel  by  withholding 
other  commodities  or  refusing  to 
purchase  other  commodities  essen- 
tial to  the  cartel  members,  the 
position  of  the  cartel  becomes 
tenuous . 

Multinational  cartels  are  not  an 
issue  with  U.S.  softwood  forest  pro- 
ducts imports.   Issues  related  to 
volume  or  price  of  these  imports 
depend  on  bilateral  relations  between 
Canada  and  the  United  States.   Al- 
though the  United  States  is  depend- 
ent on  Canadian  softwood  imports, 
Canadian  producers  are  dependent  on 
the  U.S.  market.   In  1972,  the 
United  States  purchased  87  percent 
of  Canada's  exports  of  softwood  lum- 
ber, 79  percent  of  Canadian  newsprint 
exports,  and  57  percent  of  Canadian 
woodpulp  exports  (Food  and  Agricul- 
ture Organization  of  the  United 
Nations  1974) .   Canadian  producers 
can  be  expected  to  try  to  get  the 
highest  prices  possible,  but  the 
interdependence  of  U.S.  and  Canadian 
interests  works  against  exploitive 
pricing  policies.   In  1973,  Canada 
accounted  for  21  percent  of  all  U.S. 


exports  and  26  percent  of  U.S. 
imports.   The  United  States  purchases 
about  two-thirds  of  Canada's  total 
exports  (U.S.  Bureau  of  the  Census 
1974a,  1974b). 

The  case  for  hardwood  veneer  and 
plywood  is  not  so  clear.   In  1972, 
the  United  States  purchased  89  percent 
of  the  hardwood  plywood  exported  from 
South  Korea,  75  percent  of  exports 
from  Taiwan,  and  83  percent  of  exports 
from  the  Philippines  (Food  and  Agri- 
culture Organization  of  the  United 
Nations  1974) .   The  long-standing 
relationship  between  the  United 
States  and  these  three  countries  and 
the  dominance  of  the  U.S.  market  are 
arguments  against  the  formation  of 
cartels.   The  United  States  takes  47 
percent  of  South  Korea's  total  exports 
and  42  percent  of  exports  from  the 
Philippines.   U.S.  imports  from 
Taiwan  of  $1.8  billion  in  1973  amounted 
to  over  one-half  of  total  exports 
from  the  country.   South  Korea  and 
Taiwan  do  not  have  significant  domes- 
tic sources  of  hardwood  logs  (Hutchison 
et  al.  1974).   Uncertainty  about  raw 
material  supplies  strengthens  the 
argument  against  cartel  formation. 

Indonesia,  Malaysia,  and  the 
Philippines  are  the  main  sources  of 
hardwood  logs  in  the  southeast  Asia 
area  as  shown  in  table  6. 


TABLE  6— Hardwood  log  imports  and  exports  by  country  of  origin  and 
country  of  destination  for  selected  countries,  1972 

(In  thousand  cubic  meters) 


Country  of  destination 


Country  of  origin 


Indonesia 


Malaysia 


Philippines 


Others 


Total  imports 


Taiwan 

1,240 

906 

739 

0 

2,885 

Japan 

8,506 

6,828 

5,146 

857 

21,337 

South  Korea 

1,855 

1,611 

368 

11 

3,845 

Singapore 

0 

1,378 

10 

11 

1,399 

Hong  Kong 

65 

259 

0 

16 

340 

Source:  Food  and  Agriculture  Organization  of  the  United  Nations  (1974). 
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Future  developments  are  more 
likely  to  be  in  the  form  of  increased 
log  processing  in  the  country  where 
the  logs  originate  than  in  cartels  in 
hardwood  plywood.   This  would  change 
the  national  origin  of  hardwood 
plywood  exports  but  does  not  neces- 
sarily imply  a  cartel.   Economies  of 
southeast  Asian  countries  are  increas- 
ingly becoming  intertwined  with  the 
Japanese  economy.   Hardwood  log 
cartels  would  face  the  problem  of 
dependence  on  the  Japanese  economy. 

Hardwood  plywood  is  produced  in 
the  Asian  countries  because  of  cost. 
Significant  increases  in  price  would 
increase  substitution  of  plastic 
overlays  and  hardwoods  from  African 
and  South  American  sources  and  increase 
the  use  of  low  quality  hardwoods  in 
the  United  States. 

DIFFERENT  PHILOSOPHIES  ON 
RETENTION  OF  A  RESERVE  OF 
TIMBER  INVENTORY 

There  are  differing  philosophies 
on  the  need  for  retention  of  a  reserve 
of  timber  for  reasons  of  national 
interest.   This  is  to  be  expected 
because  each  individual  has  a  differ- 
ing view  of  how  the  national  interest 
should  be  defined. 

The  argument  for  a  reserve  of 
raw  materials  in  case  of  war  has  lost 
proponents  with  the  development  of 
superpower  foreign  policy.   The 
rationale  is  that  full-scale  war 
between  the  United  States  and  poten- 
tial adversaries  would  be  of  short 
duration.   Under  these  circumstances, 
several  years--or  in  the  case  of 
timber,  several  decades--of  raw 
material  in  reserve  are  not  necessary. 

In  the  case  of  nonrenewable 
resources,  a  philosophy  has  developed 
for  curtailing  domestic  production 
and  importing  as  much  as  we  can.   The 
rationale  is  that  if  we  had  followed 
this  policy  in  oil.  Middle  East 
rather  than  U.S.  oil  reserves  would 
now  be  depleted.   The  case  for  renew- 
able resources  is  not  so  clear. 


Timber  is  a  renewable  resource,  given 
enough  time.   Japan  is  currently 
following  this  policy  in  timber 
production.   Domestic  timber  produc- 
tion has  been  curtailed  and  reliance 
placed  on  imports  to  build  up  domestic 
inventories. 

If  a  country  is  in  a  surplus 
position  in  timber  inventory,  this 
philosophy  can  be  followed  only  at 
the  expense  of  current  consumption 
and  lower  prices.   An  attitude  of 
future  long-term  world  shortages  of 
the  commodity  is  an  integral  part  of 
this  philosophy.   Implementation  of 
this  policy  depends  on  the  ability  of 
the  country  to  withhold  the  commodity 
from  the  export  market.   The  country 
must  have  export  options  and  be 
willing  to  bear  the  cost  of  trade 
opportunities  forgone. 

Another  view  of  the  need  for  a 
reserve  of  timber  is  that  timber 
represents  capital.   Timber  capital 
should  be  managed  as  efficiently  as 
other  capital.  Maintenance  of  an 
inventory  of  capital  which  might  be 
used  for  other  purposes  involves 
unnecessary  cost.   Capital  released 
in  the  form  of  timber  helps  to  build 
a  stronger  economic  base  for  the 
country.   A  stronger  economic  base 
helps  to  develop  options  to  dependency 
on  any  one  resource.   Efficient 
management  of  timber  capital  does  not 
imply  liquidation  of  all  inventories. 
If  future  shortages  develop,  the 
price  of  timber  products  will  rise 
which  will  increase  the  cut  from  the 
remaining  inventory  and  stimulate 
investment  in  forest  management  which 
will  increase  supplies.   Rising  wood 
prices  will  stimulate  the  move  to  a 
fiber-based  forest  industry  and 
lessen  the  need  for  larger  trees. 

Either  the  philosophy  of  retain- 
ing a  reserve  of  timber  or  the  philos- 
ophy of  efficient  management  can  be 
followed  depending  on  the  Nation's 
goals  and  view  of  the  future.   A 
reserve  of  timber  implies  the  willing- 
ness to  forgo  current  consumption  in 
favor  of  protection  of  future  options. 
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Efficient  management  of  capital 
implies  the  willingness  to  consume 
more  now  and  accept  the  potential 
risks  of  future  events. 

BALANCE  TRADE  ON  VOLUME  OR  VALUE? 

Previous  discussion  has  pointed 
out  that  trade  in  a  specific  commodity 
would  only  coincidentally  result  in  a 
balance  between  imports  and  exports. 
Trade  based  on  the  principle  of 
comparative  advantage  should  result 
in  surpluses  in  some  commodities  and 
deficits  in  others.   However,  if  the 
Nation  were  to  initiate  policies  to 
balance  trade  in  forest  products,  the 
question  of  balance  on  volume  or 
value  must  be  considered. 

Traditional  forest  management  of 
public  lands  has  concentrated  on 
management  of  volume  rather  than  of 
price  or  value.   Management  of  volume 
is  attractive  because  of  wide  fluctua- 
tions in  price.   These  fluctuations 
would  cause  cyclic  variations  in 
management  needs.   Management  of  the 
balance  of  payments  in  terms  of 
volume  is  not  feasible.   The  dollar 
is  the  common  denominator  which 
permits  the  aggregation  of  the  values 
of  different  commodities  so  that  the 
U.S.  trade  position  relative  to  other 
countries  can  be  assessed.   Exchange 
rates  are  based  on  the  monetary  value 
of  imports  compared  with  exports. 
From  a  standpoint  of  trade,  import  or 
export  policies  are  based  on  value, 
not  volume. 

On  the  other  hand,  the  feasi- 
bility of  import  or  export  policies 
must  be  related  to  volume.   Volume 
determines  the  extent  of  resources 
necessary  to  change  production  levels 
of  the  commodity  and  the  availability 
of  the  commodity  to  meet  producer  and 
consumer  needs.   In  the  case  of 
forest  products,  policies  to  increase 
exports  must  be  consistent  with  the 
ability  of  timber  growers  and  proces- 
sors to  increase  production.   Policies 
to  decrease  imports  must  be  related 
to  the  impact  of  these  policies  on 
domestic  availability  of  the  commodity. 


In  1973,  forest  products  imports 
amounted  to  $4.4  billion  and  exports 
$3  billion,  a  deficit  of  $1.4  billion, 
'if  the  Nation  had  a  policy  to  balance 
imports  and  exports,  at  what  level 
should  imports  balance  exports? 
Should  exports  be  increased  by  $1.4 
billion,  imports  be  decreased  by  $1.4 
billion,  should  we  not  trade  forest 
products  at  all,  or  what?  There  is 
no  obvious  answer.   Rationales  can  be 
developed  for  increasing  or  decreasing 
either  imports  or  exports  of  a  specific 
commodity.   These  rationales  would 
include  consideration  of  both  domestic 
and  international  goals.   There  is  no 
reasonable  basis,  either  in  theory  or 
in  existing  trade  policies,  for 
achieving  a  balance  of  trade  in  a 
specific  commodity. 

The  goal  of  increasing  exports 
and  decreasing  imports  where  possible 
is  feasible  only  if  developed  within 
the  context  of  domestic  and  interna- 
tional needs.   These  needs  may  con- 
flict.  Fulfillment  of  this  goal 
would  only  coincidentally  result  in 
a  balance  between  imports  and  exports. 

TRADE  OFFS  BETWEEN  DOMESTIC  AND 
INTERNATIONAL  GOALS:  THE  EXAMPLE 
OF  SOFTWOOD  LOG  EXPORTS 

Trade  policies  either  implicitly 
or  explicitly  weigh  trade  offs  among 
domestic  interests  and  international 
goals.   Issues  develop  about  the 
weights  to  be  given  various  interests 
in  considering  different  policies. 
The  softwood  log  export  issue  is 
described  here  as  an  example  of  the 
trade  offs  which  can  be  involved  in 
framing  policy  options.   No  attempt 
is  made  to  weigh  pro  and  con  arguments. 
In  the  U.S.  system,  these  weights  are 
determined  through  the  political 
process. 

The  continuing  debate  over 
softwood  log  exports  is  centered  on 
exports  from  Washington  and  Oregon  to 
Japan.   Exports  from  these  two  States 
amount  to  over  90  percent  of  total 
west  coast  shipments.   Over  the  past 
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5  years,  export  volume  from  the  west 
coast  has  generally  ranged  between  2 
billion  and  2.5  billion  board  feet. 
Japan  generally  takes  over  90  percent 
of  annual  west  coast  softwood  log 
exports.   The  United  States  also 
exports  softwood  logs  to  Canada, 
South  Korea,  and  other  countries;  but 
this  trade  is  peripheral  to  the  main 
issue. 

The  issue  has  developed  since 
1962.   Over  the  period  1962-70, 
export  volume  from  Washington  and 
Oregon  increased  from  about  300 
million  to  2.2  billion  board  feet 
(Ruderman  1975) .   Increased  trade 
with  the  Soviet  Union,  political 
factors,  and  leveling  of  demand  in 
Japan  were  major  factors  in  the 
leveling  off  of  volume  in  the  1970' s. 

The  export  market  was  initially 
looked  upon  favorably  as  an  outlet 
for  timber  from  salvage  operations  in 
the  wake  of  the  1962  Columbus  Day 
storm.   The  increasing  volume  of  the 
mid- 1960 's  caused  questions  about  the 
impact  of  log  exports  on  the  timber- 
based  economy  of  the  Pacific  Northwest. 
The  debate  on  these  questions  led  in 
1968  to  the  Morse  Amendment  which 
limited  log  exports  from  federal 
lands  to  350  million  board  feet. 
After  a  relative  lull  in  the  log 
export  debate  after  passage  of  the 
Morse  Amendment,  the  issue  again  came 
to  the  forefront  in  1972  and  1973 
when  unprecedented  U.S.  and  Japanese 
housing  demands  forced  log  prices  and 
U.S.  lumber  and  plywood  prices  to 
record  highs. 

Prior  to  expiration  of  the  Morse 
Amendment  in  1973,  log  exports  from 
Federal  lands  west  of  the  100th 
meridian  were  banned  by  riders  to 
appropriation  bills  of  the  affected 
agencies.   The  ban,  in  effect  for 
fiscal  year  1974,  was  renewed  for 
fiscal  year  1975.   Lands  owned  by  the 
State  of  Washington  account  for  about 
25  percent  of  total  log  exports  from 
the  two  States.   Most  of  the  remaining 
75  percent  comes  from  private  lands 


(Bergvall  and  Ormrod  1974,  Schuldt 
and  Howard  1974) .   Log  exports  from 
State  of  Oregon  lands  were  banned  in 
the  1960's. 

The  issue  continues  to  center  on 
the  impact  of  an  export  market  on 
domestic  raw  material  markets.  Gains 
from  the  trade  have  accrued  primarily 
to  the  owners  of  stumpage  and  indi- 
viduals and  firms  involved  in  logging, 
transporting,  and  processing  logs  in 
the  export  market.   Their  representa- 
tives have  argued  in  favor  of  log 
exports. 

On  the  other  side  of  the  issue, 
firms  and  individuals  which  purchase 
stumpage  in  competition  with  exporters 
have  argued  against  log  exports.   In 
addition,  representatives  of  conserva- 
tion- and  preservation-minded  groups 
have  raised  questions  about  the 
impact  of  log  exports  on  timber 
harvesting.   Representatives  of  the 
U.S.  construction  industry  have 
opposed  both  log  and  softwood  lumber 
exports  because  of  their  possible 
impact  on  final  product  prices. 

A  resource-short  Japan  relies  on 
wood  imports  for  about  one-half  its 
domestic  needs.   Softwood  timber 
products  are  preferred  for  construc- 
tion in  Japan,  and  most  softwood  log 
imports  are  used  for  this  purpose. 
The  three  areas  of  the  world  which 
have  substantial  inventories  of 
softwood  timber  are  the  U.S.  west 
coast,  British  Columbia,  and  the 
Soviet  Union.   British  Columbia 
prohibits  log  exports  unless  surplus 
to  needs  of  domestic  industries. 
Japan  imports  lumber  from  British 
Columbia  and  logs  from  the  other  two 
areas.   From  the  Japanese  viewpoint, 
the  increasing  worldwide  debate  over 
controls  of  basic  raw  materials 
raises  many  questions  about  the 
ability  of  the  country  to  provide  for 
the  needs  of  its  people.   Preferences 
for  logs  rather  than  processed  prod- 
ucts are  based  in  part  on  maintaining 
a  long-standing  small-business  timber 
processing  industry  in  Japan  and  the 
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unique  sizes  required  by  the  Japanese 
housing  industry. 

Timber  processors  in  the  Pacific 
Northwest  are  geared  to  the  sizes  of 
lumber  and  plywood  consumed  in  U.S. 
markets.   There  has  been  little 
organized  effort  to  develop  the 
Japanese  market.   On  the  other  hand, 
the  Japanese  have  done  little  to 
foster  development  of  processing 
capacity  in  the  United  states  geared 
to  Japan's  needs. 

Controls  on  exports  of  softwood 
logs  and  other  raw  materials  from  the 
United  States  to  Japan  have  become 
intertwined  with  the  foreign  policy- 
based  relations  which  determine 
bilateral  trade  in  all  commodities. 

Proposed  solutions  to  the  con- 
flicts among  interests  generally 
contain  one  of  two  elements:   export 
more  processed  products  instead  of 
logs  or  increase  timber  sales  from 
National  Forest  lands. 

The  Japanese  are  moving  toward 
the  use  of  the  so-called  "2X4"  housing 
construction  method  which  uses  lumber 
with  dimensions  similar  to  the  lumber 
consumed  in  the  United  States. 
Whether  this  construction  method 
means  more  imports  of  softwood  lumber 
is  not  clear.   Maintenance  of  a 
politically  sensitive  domestic  proc- 
essing industry  geared  to  the  "2X4" 
materials  is  another  possibility.   If 
the  Japanese  would  purchase  these 
materials  from  existing  U.S.  sawmills, 
many  of  the  arguments  against  forest 
products  exports  would  subside. 
However,  the  issue  of  the  impact  of 
exports  of  construction  materials  on 
U.S.  housing  costs  would  remain. 

National  Forest  timber  output 
could  be  increased  with  the  funding 
necessary  to  intensify  management. 
Whether  this  option  would  provide 
enough  timber  for  both  the  export  and 
domestic  markets  and  thereby  alleviate 
conflicts  among  interests  is  uncertain. 
An  increase  in  National  Forest  output 


may  be  necessary  to  sustain  existing 
capacity  in  some  areas  of  the  Pacific 
Northwest.   In  other  areas,  increased 
output  might  be  the  basis  for  expan- 
sion of  domestic  capacity  to  process 
timber  for  the  domestic  market.   In 
either  case,  questions  about  the 
impact  of  log  exports  would  still 
remain. 

The  log  export  issue  grew  from  a 
regional  controversy  centered  in  the 
Pacific  Northwest  to  become  in  part 
the  basis  of  multinational  trade 
policies.   Proposed  solutions  involve 
trade  offs  among  Japanese  and  United 
States  domestic  interests  and  interna- 
tional goals. 

Potential  forest  products  trade 

policies  within  the  apparent 

U.S.  trade  philosophy 

Any  potential  forest  products 
trade  policy  should  be  measured 
against  the  terms  of  the  Trade  Act  of 
1974  (H.R.  10710);  policies  not 
consistent  with  the  act  would  probably 
find  little  support  in  Congress. 

The  overall  negotiating  objective 
under  the  act  is  to  obtain  more  open 
and  equitable  market  access  for  U.S. 
exports  of  goods  and  services  and  to 
harmonize,  reduce,  and  eliminate 
barriers  to  international  trade. 

The  act  also  makes  it  a  principal 
U.S.  negotiating  objective  to  obtain 
competitive  opportunities  for  U.S. 
exports  to  developed  countries  with 
respect  to  appropriate  sectors  on 
manufacturing  and  the  agricultural 
sector.   These  should  be  equivalent 
to  the  competitive  opportunities 
afforded  similar  products  in  U.S. 
markets.   U.S.  negotiators  are  directed 
to  obtain,  to  the  extent  consistent 
with  maximum  overall  economic  benefits 
to  the  United  States,  equivalent 
competitive  opportunities.   An 
example  would  be  bargaining  U.S. 
import  concessions  within  one  sector 
of  manufacturing  for  foreign  concessions 
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resulting  in  equivalent  market  oppor- 
tunities for  U.S.  exporters  in  that 
sector. 

Private  advisory  committees  will 
advise  the  negotiators  on  how  goals 
in  the  negotiations  can  best  be 
accomplished.   If  the  special  repre- 
sentative for  trade  negotiations 
fails  to  accept  their  recommendations, 
he  is  required  to  inform  the  advisory 
committees  of  this  decision;  and  the 
President's  annual  report  to  the 
Congress  on  the  trade  agreements 
program  must  include  an  explanation 
by  the  special  representative  for 
rejecting  committee  advice.   Private 
sector  advisory  committees,  estab- 
lished by  the  act,  will  issue  formal 
reports  at  the  conclusion  of  agree- 
ments affecting  their  sectors,  evaluat- 
ing the  equity  and  mutuality  of  the 
agreements  within  their  sectors.   The 
Congress,  therefore,  will  be  better 
able  to  judge  whether  this  negotiation 
achieved  mutual  benefits  for  the 
commerce  of  the  United  States. 

A  further  negotiating  objective 
is  to  obtain  international  safeguard 
procedures  designed  to  permit  the  use 
of  temporary  measures  to  ease  the 
adjustment  to  change  brought  about  by 
any  change  in  policy. 

The  act  establishes  as  a  princi- 
pal negotiating  objective,  the  enter- 
ing into  of  foreign  trade  agreements 
to  assure  the  United  States  of  fair 
and  equitable  access  at  reasonable 
prices  of  articles  of  commerce  impor- 
tant to  U.S.  economic  requirements, 
and  for  which  the  United  States  does 
not  have,  or  cannot  easily  develop, 
the  necessary  productive  capacity. 

The  act  authorizes  and  encourages 
the  President  to  enter  into  bilateral 
trade  agreements  where  such  agreements 
would  better  serve  U.S.  economic 
interests  than  agreements  undertaken 
on  a  multilateral  basis.   In  addition, 
the  act  provides  that  the  President 
may  enter  into  a  trade  agreement  with 
Canada  aimed  at  eliminating  or  moving 


to  eliminate  trade  barriers  between 
the  two  countries  on  a  reciprocal 
basis. 

Forest  product  trade  policies 
which  involve  U.S.  unilateral  raising 
of  trade  barriers  to  forest  products 
imports  or  exports  and  subsidies  or 
other  government  intervention  in  the 
comparative  advantage  of  U.S.  exports 
would  run  counter  to  the  philosophy 
implied  by  the  Trade  Act. 

Potential  forest  products 
trade  without  a 
change  in  policy 

The  current  and  prospective  U.S. 
timber  resource  situation  is  discussed 
in  the  "Timber  Outlook"  report  (USDA 
Forest  Service  1973) . 

Under  the  range  of  conditions 
considered  in  the  report,  the  United 
States  will  continue  to  be  a  net 
importer  of  forest  products  in  volume 
(table  7) .   Total  exports  would 
remain  at  1.8  to  1.9  billion  cubic 
feet  from  1980  to  2000.   Imports  may 
rise  from  2.4  billion  cubic  feet  in 
1970  to  4.6  billion  in  2000.   Poten- 
tial increases  in  imports  are  mainly 
woodpulp,  paper,  and  softwood  lumber 
from  Canada  at  higher  U.S.  prices 
than  in  1970.   Imports  exceeded 
exports  by  1  billion  cubic  feet  in 
1970.   The  maximum  excess  of  imports 
over  exports  would  be  2.8  billion 
cubic  feet  in  2000  with  "rising 
relative  prices";  net  imports  would 
then  equal  15  percent  of  U.S.  consump- 
tion of  all  forest  products.   The 
minimum  excess  of  imports  over  exports 
would  be  0.8  billion  cubic  feet  in 
1980. 

This  analysis  indicates  a  continu- 
ing dollar  deficit  in  U.S.  forest 
products  trade.   At  a  minimum,  the 
deficit  would  probably  be  $1  billion 
to  $1.5  billion;  and  it  might  be 
several  billion  dollars.   A  deficit 
is  neither  good  nor  bad  until  weighed 
with  options  according  to  their 
effect  on  domestic  and  international 
goals. 
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The   future  potential    for  exports 
and  imports   of  specific   forest  prod- 
ucts has  been  discussed  by  Holland 


(1973)   and   the  USDA  Forest  Service 
(1973) . 


TABLE  1.— Summary  of  roundwood  consumption,  exports,  imports,  and  production  from 
U.S.  forests,  1952,  1962,  and  1970,  with  projections  (medium  level)  under  alternative 

price  assumptions  to  2000 

(Billion  cubic  feet,  roundwood  equivalent) 


Item 


1952 


1962 


1970 


Projections 


1970  relative 
prices 


1980 


1990 


Rising  relative 
prices' 


2000      1980      1990      2000 


Relative  prices 

above  1970 

averages' 


1980      1990      2000 


SOFTWOODS 

U.S.  consumption 

Exports 

Imports 

Production  from  U.S.  forests'. 

HARDWOODS 

U.S.  consumption 

Exports 

Imports 

Production  from  U.S.  forests' 

ALL  SPECIES 

U.S.  consumption 

Exports 

Imports 

Production  from  U.S.  forests' 


8.4 

.  2 

1.  3 

7.3 


8.  5 

.  4 

1.  7 

7.2 


9.  7      12.  1 

1.  2        1.  7 

2.  1        2.  3 
11.  5 


3.  5 

{*) 
.  1 
3.  5 


3.  1 
.  1 
.  2 

3.0 


11.9 

.  2 

1.4 

10.  8 


11.  6 

.  5 

1.  9 

10.  2 


3.0 
.  2 
.  3 

2.9 


12.  7 

1.  4 

2.  4 
11.7 


14.  1 

1.  6 

2.  3 
13.  4 


15.  8 

1.  6 

2.  3 
15.  1 


11.  2 
1.  7 
3.  1 

9.8 


12.  4 
1.  6 
3.  7 

10.  3 


13.  5 
1.  6 
4.0 

11.  1 


10.  7 
1.  7 
3.  2 
9.2 


12.  7 
1.  6 
3.  6 

10.  7 


14.  3 
1.  6 
3.  7 

12.  2 


4.  3 
.  2 
.  4 

4.  1 


5.  5 
.  2 
.  4 

5.  3 


7.0 
.  2 
.  4 

6.8 


4.  0 
.  2 
.  5 

3.7 


4.  7 
.  2 
.  5 

4.  4 


5.7 
.  2 
.6 

5.  3 


3.9 
.  2 
.  6 

3.  5 


4.  9 
.  2 
.  6 

4.  5 


6.  4 
.  2 
.  6 

6.0 


16.4 

19.  6 

1.  9 

1.8 

2.7 

2.  7 

15.6 

18.  7 

22.  8 

1.  8 

2.  7 
21.  9 


15.  2 
1.9 
3.  6 

13.  5 


17.  1 
1.  8 
4.  2- 

14.  7 


19.  2 
1.  8 
4.  6 

16.  4 


14.  6 
1.  9 
3.  8 

12.  7 


17.  6 
1.  8 
4.  2 

15.  2 


20.  7 
1.  8 
4.  3 

18.  2 


Relative  prices  rising  from  1970  trend  level  as  follows: 
lumbel^— 1.5  percent  per  year;  plywood,  miscellaneous  products, 
and  fuelwood— 1.0  percent  per  year;  paper  and  board— 0. 5 
percent  per  year. 

Relative  prices  of  lumber  and  plywood — 30  percent,  mis- 
cellaneous products  and  fuelwood — 15  percent,  and  paper  and 
board— 10  percent  above  the  1970  averages. 

Source:  Table  152,  USDA  Forest  Service  (1973). 


'The  data  for  1952  1962,  and  1970  are  estimates  of  actual 
harvests  and  are  not  directly  comparable  with  the  trend  level 
estimates  of  supply  shown  in  Chapter  11. 

^Less  than  50  million  cubic  feet. 

Note:  Data  may  not  add  to  totals  because  of  rounding. 

Sources:  1952-70— Based  on  data  published  by  the  U.S. 
Departments  of  Commerce  and  Agriculture. 

Projections:  U.S.  Department  of  Agriculture,  Forest  Service. 
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Policies  to  decrease  imports 
or  increase  exports 

Options  for  decreasing  current 
and  prospective  imports  of  forest 
products  are  limited  primarily  to 
softwood  lumber,  newsprint,  and 
woodpulp  from  Canada  and  to  a  lesser 
extent,  hardwood  veneer  and  plywood 
from  Asia.   Policies  to  decrease 
these  imports  include  forcing  a 
reduction  of  imports  through  restric- 
tion, improving  the  efficiency  of 
domestic  processing  capacity  relative 
to  the  efficiency  of  competing  pro- 
ducers in  other  countries,  and  increas- 
ing domestic  timber  supplies  to  lower 
prices  and  reduce  the  incentive  and 
need  to  import.   The  latter  two 
policies  have  potential  for  increasing 
exports  as  well  as  reducing  imports. 

REDUCING  IMPORTS 
THROUGH  RESTRICTIONS 

Imports  from  Canada  in  1973 
included  $1,315.7  million  of  softwood 
lumber,  $1,132.6  million  of  newsprint, 
and  $626.3  million  of  woodpulp.   The 
total  came  to  $3,074.6  million  out  of 
aggregate  U.S.  forest  products  imports 
of  $4.4  billion.   Tariffs,  duties,  or 
quotas  to  significantly  reduce  the 
import  value  of  any  one  of  these 
commodities  might  bring  retaliation. 
Total  1973  Canadian  exports  amounted 
to  $25.2  billion.   Exports  of  softwood 
lumber,  newsprint,  and  woodpulp  to 
the  United  States  amounted  to  about 
12  percent  of  the  total  (Statistics 
Canada  1974) . 

U.S.  imports  of  newsprint  amount 
to  about  one-half  of  Canadian  produc- 
tion of  all  grades  of  paper  and  board 
and  about  79  percent  of  Canadian 
newsprint  exports.   In  1972,  the 
United  States  took  87  percent  of 
Canada's  exports  of  softwood  lumber 
and  57  percent  of  Canadian  pulp 


exports  (Food  and  Agriculture  Organi- 
zation of  the  United  Nations  1974) . 
Lack  of  other  markets  for  this  kind 
of  volume  strengthens  the  argument 
for  Canadian  retaliation. 

Canada  would  have  leverage  for 
retaliation.   In  1973,  Canada  accounted 
for  21  percent  of  U.S.  exports  and  26 
percent  of  U.S.  imports  (U.S.  Bureau 
of  the  Census  1974a,  1974b).   In 
addition,  investments  of  U.S.  firms 
in  Canada  amounted  to  $24  billion  in 
1971  (Council  on  International  Economic 
Policy  1973) .   Retaliation  could  take 
the  forms  of  withholding  essential 
commodities--especially  raw  materials-- 
from  the  U.S.  market,  duties,  quotas, 
or  elimination  of  imports  from  the 
United  States,  and  confiscation  or 
other  treatment  of  U.S.  investment  in 
the  country.   Canadian  energy  policy 
is  especially  important  to  bordering 
U.S.  States. 

Hardwood  veneer  and  plywood 
imports  amounted  to  $464.7  million  in 
1973.   The  value  of  hardwood  plywood 
imports  amounted  to  $388.3  million. 
South  Korea,  Taiwan,  Japan,  and  the 
Philippines  were  the  most  important 
sources  in  terms  of  value  of  shipments. 

The  United  States  is  the  major 
market  for  plywood  produced  in  South 
Korea,  Taiwan,  and  the  Philippines. 
In  1972,  exports  from  these  countries, 
expressed  in  units  of  1  000  cubic 
meters,  were: 

Country  of  origin 


Country  of       South 

destination      Korea    Taiwan   Philippines 


United  States    1  062       864 
Canada  31       177 

Other  102       105 


Total 


1  195     1  146 


277 
33 
22 

332 


Source:  Food  and  Agriculture  Organization  of 
the  United  Nations  (1974). 
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Further  restriction  of  imports 
from  these  three  countries  would  run 
counter  to  the  U.S.  trade  philopsophy 
to  less  developed  countries.   As 
stated  in  the  February  1974  Interna- 
tional Economic  Report  of  the  President 
(Council  on  International  Economic 
Policy  1974) : 


Our  objectives  in  the  areas  of  trade, 
investment,  and  monetary  reform  can  be 
jeopardized  if  the  poorer  countries  are 
not  brought  into  successful  participation 
in  a  more  open  world  economic  system, 
and  thereby  afforded  the  opportunity  to 
progress  toward  their  development 
aspirations. 


Any  unilateral  increase  in  U.S. 
import  restrictions  would  be  especial- 
ly difficult  in  view  of  longstanding 
relationships  between  these  three 
countries  and  the  United  States. 
These  restrictions  would  probably 
also  raise  doubts  in  Malaysia  and 
Indonesia  about  U.S.  trade  philosophy 
and  might  stimulate  cartel  activity 
in  rubber  and  tin.   Further  restric- 
tions on  hardwood, plywood  imports 
might  complicate  future  negotiations 
conducted  according  to  the  terms  of 
the  Trade  Act  of  1974.   Japan  will  be 
one  of  the  participants  in  these 
negotiations. 

The  Trade  Act  of  1974  gives  the 
President  authority,  as  part  of 
negotiated  trade  agreements,  to 
increase  (or  impose)  rates  of  duties 
not  to  exceed  50  percent  above  the 
rate  existing  on  January  1,  1975,  or 
20  percent  ad  valorem  above  the  rate 
existing  on  January  1,  1975,  whichever 
is  higher.   Whether  an  increase  in 
the  import  duty  would  have  a  signifi- 
cant impact  on  U.S.  forest  products 


imports  is  not  clear.   U.S.  demands 
for  most  forest  products  are  generally 
believed  to  be  inelastic.   An  increase 
in  import  duty  would  tend  to  raise 
rather  than  lower  their  total  cost. 


THE  POTENTIAL  FOR  INCREASED 
EFFICIENCY  OF  DOMESTIC 
PROCESSING  CAPACITY  TO  REDUCE 
IMPORTS  AND  INCREASE  EXPORTS 


The  competitiveness  of  the  U.S. 
forest  products  industry  forces  the 
members  to  keep  their  operations 
efficient.   Forest  products  producers 
in  Canada  and  Scandinavia  have  a 
similar  incentive.   Programs  to 
increase  the  productivity  of  U.S. 
processing  capacity  would  probably 
have  only  a  marginal  effect  on  U.S. 
trading  patterns.   Existing  programs 
to  increase  productivity  of  U.S. 
processing  capacity  are  periodic  and 
implied  in  the  investment  tax  credit 
and  other  provisions  of  the  tax  code. 


THE  POTENTIAL  FOR  INCREASED 
DOMESTIC  SUPPLIES  TO  REDUCE 
IMPORTS  AND  INCREASE  EXPORTS 


Potential  responses  of  U.S. 
timber  supplies  to  intensified  manage- 
ment have  been  discussed  in  the 
"Timber  Outlook"  report  (USDA  Forest 
Service  1973) .   The  response  of 
supply  to  one  program  amounted  to  1.6 
billion  board  feet  in  1980,  2.7 
billion  in  1990,  and  4.7  billion  in 
2000  (table  8) .   Net  import  volume 
under  the  assumed  price  conditions 
was  4  billion  board  feet  in  1980,  5.2 
billion  in  1990,  and  5.2  billion  in 
2000.   Thus,  the  United  States  would 
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TABLE  S.— Summary  of  softwood  timber  demand,  exports,  imports,  and  demand  on  and 

supply  from  U.S.  forests,  1952,  1962,  and  1970,  with  projections  to  2000  (medium  level) 

under  alternative  price  and  management  assumptions 

BILLION  CUBIC  FEET 


1952 

1962 

1970 

Projections 

Item 

1970  relative 
prices 

Rising  relative 
prices' 

Relative  prices 

above  1970 

averages^ 

1980 

1990 

2000 

1980 

1990 

2000 

1980 

1990 

2000 

Total  U.S.  demand 

Exports 

Imports 

Demand  on  U.S.  forests 

Supply  from  U.S.  forests — 

base  projections^ 

Supply-demand  balance 

8.4 

.  2 

1.3 

7.3 

7.  3 

8.5 

.  4 

1.7 

7.2 

7.  2 

9.7 
1.2 
2.  1 

8.8 

8.8 

12.  1 
1.7 
2.3 

11.5 

10.  1 
-1.  4 

14.  1 
1.  6 
2.3 

13.4 

10.  7 
-2.  7 

15.8 
1.6 
2.3 

15.  1 

11.  5 
-3.6 

11.  2 
1.7 
3.  1 

9.8 

10.  1 
+  0.3 

12.4 
1.6 
3.  7 

10.3 

10.7 
+  0.4 

13.  5 
1.6 
4.  0 

11.  1 

11.  5 
+  0.4 

10.7 
1.7 
3.2 
9.  2 

10.  1 

+  0.9 

12.  7 
1.  6 
3.6 

10.7 

10.  7 

14.  J 
1.  e 
3.-; 

12.  S 

11.  I 

.     i 

BILLION  BOARD  FEET,  INTERNATIONAL  '/^-INCH  LOG  RULE 


Total  U.S.  demand 

Exports 

Imports 

Demand  on  U.S.  forests 

Supply  from  U.S.  forests — ■ 

base  projections^ 

Supply-demand  balance. 
Supply  from  U.S.  forests — 

economic  projections'* 

Supply-demand  balance- 
Increased  supply  from  U.S. 
forests     with     intensified 

management* 

Supply-demand  balance. 


39.  9 

.  6 

2.  4 

38.  1 

38.  1 


41.7 
1.  1 
4.  6 

38.  2 

38.  2 


47.  6 

4.  6 

5.  9 
46.  2 

46.  2 


58.9 
5.6 
6.  6 

57.  9 

48.  8 
-9.  1 

46.  8 
-11.  1 


66.  5 
5.6 
6.  5 

65.  6 

50.  9 
-14.7 

47.  4 
-18.  2 


72.6 

5.  6 

6.  4 
71.  8 

54.  2 
-17.  6 

47.0 
-24.  8 


51.  5 
5.  6 
8.9 

48.  2 

48.  8 
+  0.6 

48.0 
-0.2 


54.  1 

5.  6 

10.  8 

48.  9 

50.9 
+  1.0 

49.  6 
-0.  7 


55.  0 

5.  5 

11.  4 

49.  1 

54.  2 

+  5.  1 

51.  0 

+  1.9 


48.7 
5.  6 
9.  6 

44.  7 

48.  8 
+  4.1 

50.8 
+  6.  1 


+  1.6 

+  7.7 


55.8 

5.  6 

10.8 

50.  6 

50.  9 
+  0.  3 

50.0 
-0.  6 


+  2.  7 
+  2.  1 


61.  f 

5.  ( 

10.  J 

56.'; 

54.  i 

-2.1 

48.  ( 
-8.  ] 


+  4. 
-3. 


Relative  prices  rising  from  their  1970  trend  levels  as 
follows:  lumber — 1.5  percent  per  year;  plywood,  miscellaneous 
products  and  fuelwood — 1.0  percent  per  year;  paper  and  board — 
0.5  percent  per  year.  This  would  mean  a  cumulative  increase  of 
62  percent  for  lumber  by  the  year  2000,  and  17  percent  for 
paper  and  board. 

Relative  prices  of  lumber  and  plywood  30  percent,  mis- 
cellaneous products  and  fuelwood  15  percent,  and  paper  and 
board  10  percent  above  their  1970  averages. 

^  Base  projections  of  supply  are  defined  as  the  amounts  of 
timber  that  would  be  available  for  harvesting  if:  (1)  forestry 
programs  continued  at  1970  levels,  (2)  timber  removals  in  the 
East  changed  on  a  straight  line  basis  from  actual  removals  in 
1970  to  a  balance  with  growth  in  the  year  2000  and  thereafter, 
(3)  removals  on  private  lands  in  the  West  followed  trends 
suggested  by  recent  management  and  operating  practices,  and 
allowable  cuts  on  pubUc  lands  remained  at  the  1970  level. 

Source:  Table  155,  USDA  Forest  Service  (1973). 


Projections  of  supply  related  to  alternative  price  levels,  and 
1970  level  of  management,  with  some  adjustments  for  recent 
environmental  constraints  on  National  Forests  heurvests. 

*  Increases  on  supply  from  a  program  of  $69  million  annually 
for  commercial  thinnings,  planting,  and  timber  stand  improve- 
ment on  areas  of  nonindustrial  private  and  National  Forest  land< 
that  will  yield  more  than  5  percent  return  on  investments 
Supplies  could  be  further  increased  with  other  investment 
criteria,  investments  in  other  management  or  utilization  opportu 
nities,  or  investments  on  other  ownerships. 

Note:  Data  may  not  add  to  totals  because  of  rounding. 

Sources:  Data  for  1952  1962,  and  1970  based  on  informa 
tion  published  by  the  U.S.  Departments  of  Commerce  and 
Agriculture. 

Projections:   U.S.  Department  of  Agriculture,  Forest  Service, 
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be  a  net  importer,  especially  during 
the  first  two  decades  of  the  program. 
The  report  points  out  that  much  of 
the  increase  in  supply  from  intensi- 
fied management  programs  would  become 
available  only  after  2000. 

Only  by  coincidence  would  the 
product  mix  from  intensified  manage- 
ment programs  match  the  mix  of  soft- 
wood imports.   Lower  prices  would 
tend  to  increase  consumption  of 
forest  products,  including  products 
manufactured  from  the  timber  attribut- 
able to  intensified  management  pro- 
grams.  Because  of  this  increased 
consumption  and  the  product  mix  of 
imports,  intensified  management 
programs  would  probably  not  provide 
enough  timber  to  eliminate  imports. 

EXPORT  PROMOTION  PROGRAMS 

Reduction  of  barriers  to  trade. -- 
Other  countries  have  import  tariffs 
on  forest  products.   For  example, 
Australia,  Japan,  and  the  European 
Economic  Community  (EEC)  have  tariffs 
on  softwood  lumber.   Canada,  EEC, 
Japan,  Norway,  Mexico,  Australia,  New 
Zealand,  and  Sweden  have  tariffs  on 
softwood  plywood.   Nontariff  barriers 
such  as  regrading  of  imported  U.S. 
lumber  and  preferential  tariff  agree- 
ments also  affect  U.S.  export  volume. 
Major  U.S.  trade  barriers  are  tariffs 
on  veneer  and  plywood  imports  and  a 
prohibition  of  log  exports  from 
Federal  lands  west  of  the  100th 
meridian. 

The  United  States  would  probably 
have  a  net  gain  in  forest  products 
export  value  from  free  trade.   A 
major  question  would  be  the  effect  on 
value  if  the  restriction  on  log 
exports  from  Federal  lands  were  to  be 
lifted.   This  action  would  increase 
supplies  of  exportable  logs  and 
probably  reduce  export  prices.   If 


the  Japanese  demand  for  logs  is 
inelastic,  as  is  generally  believed, 
the  total  value  of  log  exports  would 
decline  despite  increased  volume. 

Trade  restrictions  on  forest 
products  are  only  part  of  the  interna- 
tional trade  picture.   The  feasibility 
of  reducing  restrictions  on  interna- 
tional trade  in  forest  products  must 
be  tested  against  the  possible  impacts 
on  U.S.  domestic  and  international 
goals.   Future  negotiations  based  on 
the  Trade  Act  of  1974  will  presumably 
include  forest  products  trade 
restrictiohs . 

Formation  of  U. S.    export 
associations . --The   Webb-Pomerene  Act 
permits  U.S.  companies  to  join  in 
export  trade  and,  in  their  export 
sales  activities,  be  exempt  from  the 
Sherman  Antitrust  Act.   The  act, 
passed  in  1918,  has  never  been  a  big 
factor  in  U.S.  exports  (Beuter  1969). 
Cooperation  in  the  export  market  and 
competition  in  the  domestic  market 
are  arduous,  especially  in  the  highly 
competitive  forest  products  industry. 
Traditional  orientation  to  domestic 
rather  than  to  foreign  markets  is 
another  indication  that  export  asso- 
ciations would  have  only  a  marginal 
effect  on  forest  products  trade. 

Subsidies  for  exports .--The   United 
States  has  had  a  history  of  production 
and  export  subsidies  for  certain 
products,  including  agricultural 
commodities,  but  these  subsidies  are 
being  phased  out. 

A  subsidy  for  only  exports  would 
have  some  effects  on  the  domestic 
situation  also.   It  would  be  an 
incentive  to  decrease  production  for 
the  home  market,  and  this  might  raise 
domestic  prices.   A  subsidy  would,  in 
effect,  cause  a  redistribution  of 
income  from  the  general  public  to  the 
forest  products  industry. 
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Government- sponsored  sales 
progrcms .--The   Department  of  Commerce 
cooperates  with  U.S.  firms  in  foreign 
trade  fairs  and  other  export  promotion 
activities.   Although  successful  in 
more  highly  processed  manufactured 
products,  trade  fairs  are  generally 
recognized  as  having  limited  success 
for  commodities  such  as  forest  prod- 
ucts . 

Potent/a/  effects  of  policies 
to  c flange  U.S.  trade  flows 

In  the  U.S.  economy,  response  to 
policies  is  achieved  through  price. 
A  change  in  relative  prices  of  raw 
materials  and  producer  or  consumer 
goods  initiates  reactions  that  change 
output,  distribution,  and  consumption. 
These  changes  impinge  on  the  criteria 
that  measure  the  achievement  of 
domestic  and  foreign  goals.   Changes 
in  relative  prices  caused  by  a  change 
in  U.S.  timber  supply  depend  on  the 
elasticities  of  supply  and  demand  of 
foreign  and  domestic  forest  products, 
substitutes,  and  complements. 

The  effectiveness  of  changes  in 
timber  supply  for  meeting  domestic 
and  international  goals  depends  in 
part  on  policies  or  market  forces  in 
other  parts  of  the  economy.   Price 
movements  initiated  by  a  change  in 
timber  supply  may  be  countered  or 
accentuated  by  price  movements  for 
substitute  commodities.   Trade  in 
other  commodities  affects  floating 
exchange  rates  which  ultimately 
determine  the  ability  of  the  United 
States  to  import  or  export  forest 
products. 

Without  any  change  in  policy  on 
net  imports,  the  "Timber  Outlook" 
(USDA  Forest  Service  1973)  analysis 
shows  that  substantial  increases  in 
prices  of  timber  products  relative  to 
the  general  price  level  will  be 
necessary  to  balance  demands  for  and 
available  supplies  of  timber.   Inten- 
sive management  programs  initiated 
now  would  not  have  much  effect  on 


this  situation  until  after  the  year 
2000. 

Changes  in  U.S.  policy  on  net 
imports  of  forest  products  would 
reinforce  the  expected  price  increases 
in  forest  products.   Tariffs  or 
quotas  to  reduce  forest  products 
imports  would  reduce  supply  and  raise 
prices.   Export  promotion  programs 
would  tend  to  raise  prices  by  increas- 
ing demand  on  U.S.  forests. 

In  the  general  equilibrium  U.S. 
economy,  changes  in  relative  prices 
have  many  effects. 

A  price  increase  for  forest 
products  causes  a  redistribution  of 
income  from  consumers  to  producers  of 
forest  products.   In  the  case  of  a 
subsidy  for  exports,  income  goes  from 
the  general  public  to  the  forest 
products  industry  both  through  the 
subsidy  and  through  higher  prices. 
Income,  in  general,  would  be  redis- 
tributed from  urban  areas  where 
consumption  is  centered  to  rural 
producing  areas. 

Higher  forest  products  prices 
raise  the  returns  from  growing  timber 
relative  to  other  uses  of  land.   This 
would  cause  conversion  of  some  farmland 
to  forest  land. 

A  price  increase  for  forest 
products  is  an  incentive  for  intensi- 
fied forest  management  on  private 
lands.   Much  of  this  investment  would 
be  concentrated  in  the  South  and  the 
Pacific  Northwest.  These  areas  would 
feel  the  most  direct  impact  from 
effects  of  rising  forest  products 
prices. 

A  price  increase  for  forest 
products  would  tend  to  increase 
recycling  of  paper.   However,  higher 
prices  would  tend  to  increase  the  use 
of  steel,  concrete  products,  and 
aluminum.  As  pointed  out  in  the 
"Timber  Outlook"  report  (USDA  Forest 
Service  1973)  ,  energy  requirements 
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and  other  costs  of  processing  compet- 
ing materials  are  much  higher  than 
for  timber  products. 

A  price  increase  for  forest 
products  would  be  felt  across  all 
sectors  of  the  U.S.  economy.   Forest 
products  are  widely  used  for  construc- 
tion, packaging,  and  for  packing  in 
transportation;  and  higher  prices 
would  be  reflected  in  higher  costs 
for  these  goods  and  services.   Effec- 
tive import  tariffs  or  quotas  would 
initially  cause  shortages  or  other 
dislocations  which  would  accentuate 
the  tendency  to  higher  prices. 

U.S.  energy  consumption  would 
probably  increase  in  the  event  of 
either  import  controls  or  increased 
exports.   Replacement  of  imported 
Canadian  pulp  and  newsprint  would 
require  the  equivalent  of  more  than 
50  new  pulpmills.   Much  of  this 
expansion  would  be  in  the  South  and 
West.   Effects  on  energy  consumption 
are  not  certain  because  production  of 
other  commodities  would  probably 
decline  in  the  event  of  increased 
production  of  forest  products.   If 
these  other  industries  are  energy 
intensive,  energy  consumption  might 
decrease. 

The  pulp  industry  would  have 
difficulty  finding  50  new  millsites 
and  the  hundreds  of  millions  of 
dollars  required  for  major  expansion. 
Investment  in  pollution  control 
equipment  continues  to  drain  a  large 
share  of  the  industry's  capital. 
Environmental  effects  of  pulp  industry 
expansion  would  probably  be  concen- 
trated in  the  South. 

The  effect  of  import  restrictions 
or  increases  in  exports  on  U.S. 
employment  is  not  clear.   In  a  full 
employment  situation,  increases  in 
employment  in  one  industry  are  at  the 
expense  of  decreases  in  employment  in 
other  industries  (Mintz  1973) .   If 
the  country  has  unemployment,  increased 
forest  products  prices  may  force 
unemployment  in  other  industries 


which  must  compete  for  labor  and  raw 
materials . 

The  potential  effect  of  different 
import  and  export  policies  on  foreign 
policy  considerations  has  already 
been  discussed. 

A  policy  to  limit  forest  products 
imports  would  probably  not  have  a 
positive  effect  on  the  U.S.  balance 
of  payments.   Exports  of  forest 
products  and  employment  in  other  U.S. 
industries  would  decline  in  response 
to  rising  forest  products  prices. 
Exports  of  products  from  other  indus- 
tries would  decline  or  imports  of  the 
products  would  increase.   In  addition, 
increased  use  of  substitutes  for 
forest  products  means  increased  use 
of  imported  materials  (Mintz  1973) . 

A  policy  to  promote  forest 
products  exports  would  probably  not 
have  a  positive  effect  on  U.S.  balance 
of  payments.   Imports  of  forest 
products  would  rise.   Employment  in 
other  industries  would  decline, 
possibly  reducing  their  exports  and 
increasing  imports  of  products  manu- 
factured by  those  industries  in  other 
countries.   Relative  prices  of  forest 
products  would  rise,  causing  increased 
imports  of  substitutes. 

Sources  of  forest  products  imports 
appear  secure  for  the  foreseeable 
future.   Imports  have  kept  down  the 
rate  of  increase  in  prices.   In  this 
atmosphere,  programs  such  as  a  tax  on 
forest  products  consumption  or  addi- 
tional incentives  for  investment  in 
forest  products  processing  capacity 
do  not  appear  realistic.   For  this 
reason,  their  potential  effects  on 
domestic  and  international  goals  were 
not  discussed. 


Summary 

The  Nation  has  a  mix  of  domestic 
and  international  goals.   Policies  to 
change  forest  products  trade  will 
impinge  on  these  goals  primarily 
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through  changes  in  the  prices  of 
forest  products  and  other  commodities. 
These  price  changes  would  conflict 
with  some  goals  and  contribute  to  the 
achievement  of  others.   Decreases  in 
imports  or  increases  in  exports 
stimulated  by  a  change  in  policy 
would  probably  accentuate  these 
effects . 

This  report  has  described  options 
for  decreasing  forest  products  imports 
and  increasing  forest  products  exports. 
Some  probable  effects  of  these  options 
were  discussed.   Evaluation  of  indi- 
vidual policies  to  change  the  pattern 
of  forest  products  trade  should  be 
based  on  a  weighting  of  these  effects. 
Each  policymaker  can  be  expected  to 
attach  different  weights  to  the 
effects  of  different  policies. 

The  forest  products  trade  deficit 
of  $1.4  billion  in  1973  may  grow  to 
several  billion  dollars  by  the  yea: 
2000.   Under  a  floating  exchange 
rate,  this  deficit  should  be  of 
interest  only  as  it  affects  domestic 
goals.   U.S.  trade  in  all  commodities, 
not  just  forest  products,  determines 
the  value  of  the  dollar  relative  to 
other  currencies.   If  the  forest 
products  deficit  is  not  offset  by  a 
surplus  in  other  commodities,  the 
value  of  the  dollar  relative  to  other 
currencies  will  decline.   This  would 
cause  U.S.  exports  to  increase  and 
imports  to  decrease  until  a  balance 
is  reached. 

The  United  States  is  becoming 
increasingly  dependent  on  world  trade 
to  maintain  its  standard  of  living. 
U.S.  exports  went  from  $48.8  billion 
in  1972  to  $69.9  billion  in  1973. 
The  need  for  trade  in  other  commodi- 
ties will  tend  to  decrease  the  rela- 
tive importance  of  forest  products 
trade  in  the  perspective  of  total 
U.S.  imports  and  exports. 

Options  to  change  the  pattern 
of  U.S.  forest  products  trade  are 
constrained  because  the  United  States 
is  an  integral  part  of  the  world 


economy.   Policies  to  force  changes 
from  the  status  quo  would  cause 
disruptions  in  the  world  trade  pattern 
which  has  developed  from  each  country's 
comparative  advantage  and  existing 
constraints  on  free  trade.   In  the 
current  world  political  climate,  any 
policy  to  force  a  decrease  in  imports 
or  an  increase  in  exports  would 
probably  be  countered  by  other 
countries. 

Options  to  change  the  pattern  of 
U.S.  forest  products  trade  are  con- 
strained because  of  the  apparent  U.S. 
trade  philosophy.   Unilateral  restric- 
tion of  forest  products  imports  or 
subsidized  exports  would  run  counter 
to  the  idea  of  "fair  trade"  embodied 
within  the  Trade  Act  of  1974.   The 
option  of  free  trade  in  forest  prod- 
ucts will  probably  be  considered  in 
future  negotiations  based  in  part  on 
terms  of  this  act. 

Options  to  change  the  pattern  of 
U.S.  forest  products  trade  are  con- 
strained because  of  the  ability  of  the 
Nation's  timber  resource  and  timber 
processing  industry  to  respond  to  a 
policy  which  requires  increased 
domestic  production.   National  poli- 
cies to  increase  domestic  timber 
supplies  would  not  have  a  significant 
effect  on  timber  production  until 
after  the  year  2000  even  if  initiated 
now.   Capital  requirements  and  envi- 
ronmental constraints  would  limit  the 
ability  of  the  industry  to  signifi- 
cantly increase  capacity.   This  is 
especially  true  of  the  pulp  industry. 
The  concentration  of  imports  in 
newsprint  and  softwood  lumber  would 
make  implementation  of  domestic 
policies  to  replace  this  volume 
especially  difficult. 

Options  to  change  the  pattern  of 
U.S.  forest  products  trade  are  con- 
strained because  other  trade  policies 
and  a  flexible  exchange  rate  play 
roles  in  forest  products  imports  and 
exports .   Under  a  floating  exchange 
rate,  U.S.  policies  on  energy,  agri- 
culture, and  other  industries  deter- 
mine the  total  value  of  imports  and 
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exports.   The  exchange  rate  which 
evolves  from  this  trade  pattern 
determines  in  part  the  competitiveness 
of  U.S.  exports  and  the  U.S.  demand 
for  imports.   The  effectiveness  of 
policies  designed  to  change  forest 
products  trade  will  vary  with  varia- 
tions in  the  exchange  rate. 

These  constraints  lead  to  an 
apparent  lack  of  options  to  signif- 
icantly affect  the  current  and 
prospective  U.S.  forest  products 
trade  pattern  over  the  next  10  to  20 
years.   Within  these  constraints,  a 
goal  of  eliminating  net  imports  is 
unrealistic  for  the  next  two  to  three 
decades. 

There  is  no  clear  rationale  as 
to  why  the  Nation  should  strive  to 
eliminate  net  imports  of  timber  or 
even  to  change  the  pattern  of  imports 
and  exports  of  forest  products. 
Trade  policies  are  based  on  the 
overall  balance  of  trade  and  not  the 
balance  for  any  one  commodity  or  any 
one  country.   Import  sources  appear 
secure  for  softwoods  and  reasonably 
dependable  for  hardwoods.   A  continued 
reliance  on  forest  products  imports 
is  compatible  with  some  U.S.  domestic 
goals  and  may  conflict  with  others. 
A  growing  U.S.  demand  should  tend  to 
increase  the  compatibility  of  forest 
products  imports  with  most  domestic 
goals  and  not  increase  the  status  quo 
conflict  with  other  domestic  goals. 
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ABSTRACT 

Climatic  and  hydrologic  measurements  were  made 
on  three  watersheds,  each  containing  approximately 
2  square  miles  (5.18  km^)  of  drainage  area,  for  9 
years  under  natural  forested  conditions.   This  paper 
describes  the  watersheds  with  respect  to  soils  and 
geology,  morphology,  vegetation,  precipitation  and 
other  climatic  parameters,  and  flow,  sediment, 
temperature,  and  chemistry  of  streams  during  this 
period. 
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Water  is  one  of  the  most  important 
natural  resources  of  the  mid-Columbia 
region  of  Washington  because  it  supports 
a  billion  dollar  economy  in  manufactur- 
ing, agriculture,  mining,  and  recreation. 
Water  in  the  streams  originates  almost 
exclusively  as  rain  or  snow  in  the  for- 
ested headwater  areas.   The  U.S.  Forest 
Service,  administrator  of  much  of  the 
upland  watersheds,  recognizes  the  need 
for  a  balanced  research  program  in 
watershed  management  to  insure  that 
activities  related  to  timber  harvest 
and  recreation  do  not  jeopardize  the 
quantity  or  quality  of  this  water 
supply.   The  need  for  experimental 
watersheds  where  long-term  studies  can 
be  completed  is  also  recognized. 

A  search  for  a  suitable  area  for 
watershed  management  research  in  the 
mid-Columbia  region  was  started  in 
1949.   Criteria  for  watershed  selection 
included  (1)  a  series  of  three  or  more 
drainages  of  1  to  6  square  miles 
(2.59  to  15.54  km^)  each;  (2)  watersheds 
as  nearly  similar  as  possible  in  size, 
drainage  pattern,  aspect,  topography, 
geology,  soils,  and  cover  type;  (3) 
no  disturbance  by  recent  fire,  heavy 
grazing,  logging,  or  roadbuilding; 
and  (4)  reasonable  access  during  all 
seasons.   In  1957  after  an  exhaustive 
search.  Fox,  Bums,  and  McCree  water- 
sheds, containing  1.83,  2.18,  and  1.98 
square  miles  (4.74,  5.65,  and  5.13  km^) 
of  drainage  area,  respectively,  were 
selected  for  calibration.   Vegetation, 
soils,  and  climate  of  these  catchments 
were  similar  to  these  factors  on 
thousands  of  acres  of  forested  land  in 
north-central  Washington.   Therefore, 
results  obtained  from  these  study 
sites  would  have  wide  application. 
Instrumentation  of  the  watersheds 
began  in  1959. 


The  original  plan  was  to  measure 
precipitation,  air  temperature  and 
humidity,  streamflow,  and  sediment 
production  on  each  watershed  for 
several  years  under  natural  conditions, 
then  test  for  changes  in  quantity, 
quality,  and  timing  of  runoff  after 


roadbuilding  and  timber  harvest.   Ten- 
tative objectives  were  to  build  two 
roughly  parallel  roads  through  McCree 
and  Bums  watersheds,  study  the  effect 
of  road  construction  on  water  quality 
for  2  years,  then  harvest  timber  from 
Bums  watershed  with  a  skyline  system 
and  from  McCree  watershed  with  conven- 
tional ground  skidding  methods  such  as 
tractors,  jammers,  etc.   Fox  watershed 
was  to  be  left  undisturbed  to  serve  as 
a  control  for  evaluating  treatment 
effects. 

The  calibration  period  and  timber 
harvest  plans  were  nearly  complete  in 
1970  when  the  entire  area  was  burned 
by  a  wildfire  caused  by  lightning. 
Since  the  burn,  research  objectives 
have  been  to  evaluate  the  effects  of 
wildfire  and  subsequent  revegetation 
on  water  yield,  stream  temperature, 
stream  chemistry,  soil  moisture,  air 
temperature,  and  rates  of  revegetation. 
The  objective  of  this  paper  is  to 
describe  the  prefire  watershed  conditions 
with  respect  to  location,  topography, 
soils,  vegetation,  precipitation,  and 
the  patterns,  temperature,  and  chemistry 
of  streamflow.   These  data  will  be  a 
useful  addition  to  the  hydrologic 
information  collected  from  small, 
undisturbed  watersheds  in  the  United 
States.   Also,  this  paper  will  serve 
as  a  reference,  and  the  detailed 
information  presented  here  will  not 
need  repeating  in  our  future  reports 
which  describe  postfire  conditions. 

LOCATION  AND  TOPOGRAPHY 

The  experimental  watersheds  (fig.  1) 
are  located  on  the  east  slope  of  the 
Cascade  Range  in  north-central  Washington 
at  latitude  47°  57'  N  and  longitude 
120°  28'  W.   Drainage  is  generally 
toward  the  southwest  to  the  Entiat 
River  which  joins  the  Columbia  River 
at  Entiat,  Washington.   A  glacier  during 
the  Wisconsin  stage  of  the  Pleistocene 
epoch  scoured  this  part  of  the  Entiat 
River,  leaving  the  tributary  streams  as 
hanging  valleys  above  the  present  valley 
floor.   Consequently,  the  profiles  of 
Fox,  Bums,  and  McCree  Creeks  have 


Figure  1. — Aerial  mosaic  of  the  three  watersheds  on   the  Entiat 
Experimental  Forest. 

WATERSHED  AREA  BELOW  GIVEN  ELEVATION  (PERCENT) 


Figure  2. — Area-elevation  relationships  for   the  three 
experimental  watersheds. 


Table   l-Summary  of  some  phyeioal  aharaatern-Btiae  for  three 
experimental  waterahede  in  north-central  Washington 


Physical  factor 

McCree 

Burns 

Fox 

2 
Area,  mi  , 
(km'^) 

1.98 
(5.13) 

2.18 
(5.65) 

1.83 
(4.74) 

Mean  aspect  azimuth,  degrees 

210 

205 

237 

Drainage  density,  mi  mi"  ^ 
(km  km"  ) 

2.52 

(1.63) 

2.07 
(1.29) 

2.09 
(1.30) 

Mean  channel  gradient,  percent 

29 

27 

27 

Elevation  range,  ft 
(m) 

2,120-7,050 
(646-2  149) 

2,760-7,070 
(841-2  155) 

1,980-7,100 
(603-2  164) 

Mean  elevation,  ft 
(m) 

4,420 
(1  347) 

4,600 
(1  402) 

4,900 
(1  494) 

Annual  radiation  index,-  percent 

51.5 

50.7 

47.2 

—    Computed  by  the  methods  of  Lee   (1963)  and  defined  by  him  as    "the  ratio 
between  the  daily  total  of  potential   insolation  on  that  surface  to  the  total 
of  potential    insolation  which  would  be  received  on  a  surface  that  is  constantly 
normal    to  the  sun's   rays  during  the  possible  daylight  hours." 


gradients  of  40  to  70  percent  in  the 
glaciated  area  and  more  gentle  gradients 
in  the  upper  reaches.   Mountain  glaciers 
apparently  did  not  form  within  the 
watersheds,  but  glacial  cirques  are 
evident  in  figure  1  north  of  the  water- 
shed divide. 

Watershed  elevations  range  from 
about  1,800  to  7,000  feet  (549  to 
2  134  m)  above  sea  level.   The  mean 
land  slope  is  about  50  percent,  but 
slopes  of  90  percent  are  common. 
Figure  2  illustrates  the  relationship 
between  area  and  elevation;  other 
physical  characteristics  of  the  water- 
sheds are  presented  in  table  1. 

Fire  scars  on  large  trees  indicate 
a  history  of  periodic  fires.   Age  of 
trees  indicates  that  a  fire  similar 
to  the  one  experienced  in  1970  probably 
has  not  occurred  during  the  past  200 
years.   Keen  (1940)  and  Daubenmire 
and  Daubenmire  (1968)  show  fire 
occurring  periodically  from  15  to  36 
years  in  eastern  Washington,  but  these 
were  principally  ground  fires  that 
reduced  understory  fuels  and  scarred 
lower  parts  of  the  trees. 

GEOLOGY    AND    SOILS 

Bedrock  throughout  the  watersheds 
consists  primarily  of  granodiorlte  and 
quartz  diorite.   During  the  Pleistocene 


period  of  glaciation,  large  amounts  of 
fluvoglacial  materials  accumulated  in 
the  lower  section  of  each  drainage. 
Since  the  glacial  period,  much  of  the 
watersheds  has  been  deeply  covered  by 
pumice  and  ash  deposits,  mostly  orig- 
inating from  Glacier  Peak  35  miles 
(56  km)  to  the  northwest.   There  appear 
to  be  six  different  periods  of  volcanic 
deposits  which  presently  range  in  depth 
from  a  few  inches  to  more  than  20  feet 
(6  m) .   There  is  no  evidence  of  soil 
profile  development  in  the  glacial 
till  and  weathered  diorite  beneath 
the  ash  and  pumice. 

Two  major  soil  series,  both  Entisols, 
have  been  identified  on  the  watersheds. 
Choral  soils  occupy  about  55  percent  of 
the   area.   Rampart  soils  occupy  about  35 
percent  with  Rockland  and  rock  outcrops 
accounting  for  10  percent.   The  Choral 
soils  are  well  drained  and  moderately 
coarse  textured.   Rampart  soils  are  simi- 
lar to  Choral,  but  they  occur  at  lower 
elevations  and  have  developed  under 
warmer  climatic  conditions.   A  description 
of  the  physical  properties  of  a  typical 
undisturbed  Choral  profile  taken  at  the 
5,000-foot  (1  524-m)  elevation  is  given 
in  table  2.   Total  nitrogen  in  the  sur- 
face soil  is  generally  bolow  0.10  percent. 
Surface  soil  pH  is  about  6.0,  and  cation 
exchange  capacity  is  normally  less  than 
10  meq/100  g.   The  major  zone  of  root 
activity  is  24  inches  (61  cm)  or  less. 


Table  2--Soil  physical  properties  of  a  representative  Choral  series  profile   located  on  the  Entiat  Experimental  Forest 


Depth 


Bulk  2/ 
density- 


Percent  moisture 


0.1  bar 


1.0  bar 


15  bars 


Soil  texture 


>4  mm 


2-4  mm 


1-2  mm 


Silt,         Clay, 
1  mm-SOpm    SOym-Zum      >2um 


Color  and 
material 


0-9 

gm  cm- 3) 
1.26 

56.5 

13.6 

8.4 

0 

0 

0 

89.3 

10.7 

0 

lOYR  7/1  ash 

10-62 

.74 

60.9 

15.5 

12.0 

17.5 

15.3 

8.7 

29.4 

29.0 

0 

lOYR  7/4  ash 
and  pumice 

63-119 

.50 

73.1 

29.6 

17.0 

30.2 

32.4 

17.1 

20.5 

-- 

-- 

2.5Y  8/2   "pop- 
corn" pumice 

120-129 

1.44 

21.6 

11.0 

5.4 

0 

6.1 

10.3 

47.9 

35.7 

1.7 

lOYR  7/6  ash 

130-159 

.52 

51.8 

16.9 

6.9 

38.4 

23.9 

17.5 

20.2 

— 

— 

2.5Y  8/2   "pop- 
corn" pumice 

160-161 

1.44 

21.6 

11.0 

5.4 

0 

6.1 

10.3 

47.9 

35.7 

1.7 

lOYR  7/6  ash 

>161 

2.01 

12.9 

4.9 

3.3 

33. e 

15.9 

11.6 

30.5 

8.5 

0 

2.5Y  7/4 
buried  soil 
material 

centimeter  = 
gm  cm"     =  62 

0 
4 

.39  inch 
pounds 

foot'^. 

VEGETATION 


Before  the  fire,  the  area  sup- 
ported a  mature  stand  of  timber  in  which 
ponderosa  pine  (Pinus  ponderosa   Laws.) 
and  Douglas-fir  (Pseudotsuga  menziesii 
(Mirb.)  Franco)  were  the  dominant 
species.   Other  overstory  species 
included  lodgepole  pine  (Pinus 
oontovta   Dougl.),  western  redcedar 
{Thuja  plioata   Bonn) ,  and  whitebark 
pine  (Pinus  albioaulis   Engelm.).   A 
timber  cruise  in  1967  indicated  volume 
summary: 


Watershed   Total  area 


im 


i2 


kni2 


Timber  volume 


Thousand 

bd     ft  1/        m^^' 


McCree 

Burns 

Fox 


1.98  5.13  23,368  55  113 
2.18  5.65  19,363  45  668 
1.83       4.74         11,563         27  271 


—  1  board  foot  equals  1/12  cubic  foot. 
2/ 

—  1  cubic  meter  equals  423.6  board  feet. 


Vegetation  on  side  slopes  between  1,800- 
and  3,000-foot    (549-   and  915-m)    elevation 
consisted  of  an  overstory  of  ponderosa 
pine  with   an  understory   of  bitterbrush 
{Pupshia  tridentata   (Pursh  DC.))—     and 
serviceberry    (Amelandhiev  alnifoZia 
Nutt.).      Arrowleaf  balsamroot    (Balsamorhizc\ 
sagittata   (Pursh)   Nutt.),   bracken   fern 
(Pteridium  aquilinwn   (L.)   Kuhn. ) ,   spreadinj 
dogbane    (Apooynum  andposaemi folium  L.), 
and  bluebunch  wheatgrass    (Agropyron 
spiaatum    (Pursh)    Scribn.    and  Smith) 
were  prominent  herbaceous   species.      This 
zone   is   probably  representative  of   the 
Pinus  ponderosa/Purshia/Agrcpyron  habitat  ji 
type  of  Daubenmire   and  Daubenmire    (1968) .    I 
At   elevations  between   3,000   and  5,500 
feet    (915  to   1  676  m) ,   Douglas-fir 
became  more  prominent,    often  occurring 
in  almost  pure  stands   on  moister  sites. 
Lodgepole  pine  normally  occurred  only 
in  small,    dense   thickets.      However,    the 
southwest   slope   of   Fox   Creek  was   an 
almost  pure   stand   of   "doghair"   lodgepole 
pine.      Snowbrush   ceanothus    (Ceanothus 
velutinus  Dougl.),   willow   (Salix  spp.), 
and  Sitka  alder    (Alnus  sinuata   (Reg.) 
Rydb.)   were   common  shrubs.      Half-shrubs 


3/ 

—  Plants  were  identified  by  F.  J. 

Hermann  and  Charles  Feddema  of  the  National 
Herbarium  at  Fort  Collins,  Colorado. 


and  low  shrubs  consisted  primarily  of 
Oregon  boxwood  {Faahistima  myrsinites 
(Pursh)  Raf.),  birchleaf  spiraea 
(Spiraea  betulifolia   Pall.)>  princess 
pine  {Chimaphila  imbellata   (L.)  Bart.)> 
and  kinnikinnick  (Aratostaphylos 
uva-uvsi    (L.)  Spreng.).   Of  the 
herbaceous  species,  pinegrass 
iCalamagrostis  mbesoens   Buckl.)j 
Ross  sedge  (Copex  rossii   Boott), 
spiraea,  dogbane,  and  bracken  fern 
were  prominent.   The  intermediate 
elevations  are  characteristic  of  the 
Pseudotsuga  menziesii/Calamagrostis 
mibesoens   habitat  type  described  by 
Daubenmire  and  Daubenmlre  (1968) .   At 
elevations  above  5,800  feet  (1  768  m) , 
whitebark  pine  was  commonly  encountered. 
A  list  of  understory  plants  encountered 
is  presented  in  the  appendix. 

SOLAR    RADIATION 

Solar  radiation  available  to 
surfaces  within  the  experimental 
watersheds  as  a  function  of  slope  and 
aspect  is  expressed  in  the  radiation 
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index  in  table  1.   This  parameter  in- 
dicates the  radiation  input  to  the 
watersheds  compared  with  a  slope  con- 
stantly normal  to  the  sun's  rays. 
Variation  between  these  values  is  very 
small,  but  Fox  watershed  receives 
slightly  less  radiation  than  the  other 
two. 

Daily  total  hemispheric  radiation 
(sun  plus  sky)  at  two  stations  is  shown 
in  figure  3.   Junior  Point  Lookout  is 
located  3  miles  (4.8  km)  north  of  the 
Experimental  Forest  watersheds  at 
6,676-foot  (2  035-m)  elevation.   Steliko 
Lookout  is  located  11  miles  (17.7  km) 
south-southeast  of  the  watersheds  at 
2,580-foot  (786-m)  elevation.   Two 
features  of  this  graph  are  important  . 
Radiation  input  is  generally  greater 
at  the  higher  station — 31  points  lie 
above  the  1:1  line,  19  below.   There 
were  a  number  of  days  during  this 
period  (midsumraier  of  1963)  when  the 
more  northerly  and  higher  station 
(Junior  Point)  had  radiation  input 
reduced  by  cloud  cover.   Differences 
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Figure   3. — Daily  radiation  input   at    two  stations  near  the 
Experimental  Forest  boundary.      Dashed  line  indicates 
1:1   slope. 


in  elevation  and  variable  cloud  cover 
change  receipt  of  the  solar  radiative 
input  rapidly  over  short  distances  in 
mountainous  terrain. 

PRECIPITATION 

Annual  precipitation  at  3,000-foot 
(915-m)  elevation  ranged  from  8  to  31 
inches  (20.3  to  78.7  cm)  and  averaged 
22.4  inches  (56.9  cm)  between  1961  and 
1970  (appendix  table  4).   Usually, 
measurable  precipitation  falls  during 
each  month,  but  on  the  average  only 
14  percent  of  the  annual  total  occurs 
from  May  through  September.   Annual 
precipitation  and  temperature  are 
shown  in  figure  4.   Summertime  pre- 
cipitation may  occur  as  potentially 
high  intensity  convective  storms  of 
short  duration.   Snow  accounts  for 
about  70  percent  of  average  annual 
precipitation.   Precipitation  increases 
with  elevation  and  also  from  east  to 
west  (toward  the  Cascade  crest) 
although  the  amount  has  not  been 
accurately  defined.   The  precipitation 


network  has  been  expanded,  and  this 
should  help  to  clarify  effects  of 
elevation  on  amounts  of  precipitation. 

AIR  TEMPERATURE 

An  interesting  feature  of  the 
graph  of  mean  monthly  air  temperature 
(fig.  4)  is  the  lag  in  response  compared 
with  solar  heating.   A  lag  of  1  month 
in  temperature  from  the  summer  solstice 
is  quite  common  at  inland  midlatitude 
stations.   At  the  Burns  Creek  site, 
maximum  mean  monthly  temperatures  occur 
in  August  with  the  September  average 
well  above  the  June  average.   This 
2-month  lag  of  maximum  monthly  temper- 
atures behind  the  solstice  is  unique 
compared  with  other  stations  in  this 
area.   Typical  nearby  mountain  stations — 
Stevens  Pass,  Snoqualmie  Pass,  and 
Blewett  Pass — although  higher  in  elevatioi 
than  the  Burns  Creek  site  and  with  deeper, 
longer  duration  snowpacks,  show  only  a 
1-month  lag.   Extreme  sites — Mount  Baker, 
4,150  feet  (1  265  m)  and  Mount  Rainier 
(Paradise),  5,500  feet  (1  676  m)~show 
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Figure  4. — Average  monthly  values  of  temperature  and  precipitation  at 
3 , 000-foot    (915-m)    elevation  on  Burns  watershed. 


a  2-month  lag.   Energy  use  in  snowmelt 
and  evaporation  with  local  cold  air 
drainage  may  delay  substantially  the 
early  season  rise  in  temperature. 
The  record  of  only  4  years  may  not 
represent  the  long-term  average  con- 
dition at  this  site.   More  detailed 
studies  of  the  thermal  regime  are 
underway . 

Soil  and  plant  surfaces  are  the 
active  zone  for  the  transformation 
of  solar  and  infrared  energy  into 
sensible  and  latent  heat  (i.e.,  heating 
of  the  air  and  evaporating  water) . 
These  energy  use  pathways  create 
differences  in  the  temperature  of  the 
active  surface,  differences  which  are 
a  complex  function  of  the  physical 
characteristics,  amount  of  cover,  type 
of  plant,  age,  height,  etc.   With  an 
infrared  thermometer  and  a  photorecord- 
ing system,  measurements  of  the 
watersheds'  surface  temperatures  were 
made  on  August  29,  1969.   Measurements 
were  taken  during  a  40-minute  period 
from  elevations  of  200  to  300  feet  (61 
to  91.5  m)  near  the  time  of  maximum 
air  temperature  (1330  hours).   Sky 
conditions  were  clear.   Of  the  1,500 
plus  measurements  taken  during  this 
flight,  only  midslope  flight  lines 
were  selected  for  analysis  here. 
Results  are  shown  below. 


Mean  surface    Standard    Number  of 
temperature     deviation     photos 

Op        0^      Op     0^ 

East-side  McCree 
watershed  67.6         19.8       4.5       2.5  103 

West-side  McCree 
watershed  72.5         22.5       6.3       3.5  135 

East-side  Burns 

watershed  68.0         20.0       5.1       3.4  115 

West-side  Burns 

watershed  73.0         22.8       7.7       4.3  117 

East-side  Fox 

watershed  68.2         20.1       5.0       2.8  122 

West- side  Fox 

watershed  73.2         22.9       6.5       3.6  101 


Although  mean  temperature  in  each 
watershed  was  higher  on  west  sides, 
the  variation  between  measurements  was 
also  greater.   The  null  hypothesis  of 
no  significant  difference  between 
these  aspects  could  not  be  rejected 
at  the  0.10  probability  level.   There- 
fore, although  a  diversity  of  vegetal 


types  and  elevations  was  covered,  an 
overall  similarity  of  surface  temper- 
atures was  found  between  the  watersheds. 
Comparisons  will  be  made  with  surface 
temperatures  at  other  seasons  and  after 
vegetative  manipulation  of  these 
watersheds. 

STRE AMFLOW 

Streamflow  was  measured  with  sharp- 
crested,  120°,  V-notch  weirs  and  instru- 
ments to  continuously  record  water 
levels.   Streamflow  patterns  are  typical 
of  areas  in  which  precipitation  is  mostly 
in  the  form  of  snow.   Snowmelt  produces 
peak  flow  rates  in  May  or  June  with  a 
gradual  decline  to  the  annual  low  and 
fairly  steady  rate  in  September  (fig.  5). 
Because  flow  is  usually  minimum  in 
September,  the  water  year  is  defined 
as  extending  from  October  1  to  September 
30.   Monthly  water  yield  data  from  the 
three  drainages  between  1962  and  1970 
are  presented  in  appendix  table  5. 

Flow  duration  curves  give  a  clear 
picture  of  the  flow  characteristics  of 
a  stream  by  indicating  the  percentage 
of  time  a  selected  discharge  rate  was 
equaled  or  exceeded  during  the  period 
of  interest.   These  curves  were  computed 
from  mean  daily  discharge  for  each 
watershed  during  the  period  1962-70 
(fig.  6).   Flow  rates  from  McCree 
watershed  were  greater  than  0.45  ft-* 
sec~l  (12.7  liter  sec"-*-)  during  50 
percent  of  the  time.   Comparable  values 
for  Fox  and  Burns  watersheds  were  0.68 
and  0.73  ft^  sec"!  (19.2  and  20.7 
liter  sec~l) ,  respectively.   Minimum 
rates  recorded  were  0.16,  0.37,  and 
0.38  ft3  sec-1  (4.5,  10.5,  and  10.8 
liter  sec~l) ,  respectively,  from 
McCree,  Fox,  and  Burns  watersheds. 
The  lower  flow  rates  from  McCree 
watershed  may  be  partly  caused  by 
the  slightly  higher  radiation  index 
(table  1)  and  by  lower  rainfall 
amounts  compared  with  the  other  two 
watersheds.   Also,  the  higher  timber 
volume  comprised  largely  of  Douglas-fir 
on  McCree  watershed  may  have  had  an 
effect.   For  example,  Lopushinsky  and 
Klock  (1974)  found  that  the  transpiration 
rates  of  Douglas-fir  seedlings  were  less 
affected  by  moderate  soil  drying  than 
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Figure   5. — The  1966-67   hydrograph  from  Burns   Creek. 
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Figure  6. — Flow  duration   curves  for  the   three 
watersheds . 


transpiration  rates  of  ponderosa  pine 
and  lodgepole  pine.   Also  Helvey  (1974), 
in  a  summary  of  rainfall  interception 
by  conifers,  concluded  that  interception 
loss  from  Douglas-fir  is  greater  than 
from  the  pine  species. 

Morisawa  (1968)  stated  that  the 
shape  of  the  flow  duration  curve  gives 
a  clue  to  the  water  yield  character- 
istics of  the  drainage  basin;  i.e., 
"if  the  curve  is  fairly  flat ,  there  is 
substantial  storage,  either  on  the 
surface  or  as  ground  water  which  tends 
to  equalize  the  flow."  The  curves  in 
figure  6  for  the  three  watersheds  are 
very  flat  compared  with  curves  for 
other  areas  of  comparable  size  but 
with  different  precipitation  forms  or 
amounts.   For  example,  the  ratio  of 
maximum  to  minimum  flow  rates  on  these 
watersheds  ranges  from  23  to  37.   Com- 
parable values  for  150-  to  250-acre 
(60.7-  to  101.2-ha)  watersheds  on  the 
western  slopes  of  the  Oregon  Cascade 
Range  are  about  1,800  (Rothacher  et  al. 
1967).   The  relatively  flat  curves  in 


figure  6  reflect  a  combination  of  factors 
including  moisture  storage  on  the  surface 
as  snow  during  the  winter  months,  slow 
rates  of  melting  in  the  spring  because 
of  gradual  warmup,  deep  soils  along  the 
streams  which  release  water  slowly 
during  dry  summer  months ,  and  the  lack 
of  large  rainfall  events  common  to  the 
west  slope  of  the  Cascade  Range. 

Pronounced  diurnal  fluctuations  in 
flow  rates  are  evident  during  spring 
runoff  because  of  fluctuating  snowmelt 
rates  and  during  simmier  months  when 
daytime  evapotranspiration  demands  are 
high  (fig.  7).   Daily  peaks  in  summer 
months  occur  during  early  morning  hours 
following  the  daily  minimum  transpiration 
demand.   As  transpiration  losses  increase 
during  the  day,  flow  rates  decrease  and 
reach  a  minimum  value  about  sundown. 
Flow  patterns  are  reversed  during  spring 
snowmelt;  i.e.,  daily  maxima  occur  at 
night  and  minima  at  midday  just  before 
appreciable  snowmelt  begins. 
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Figure   7. — Diurnal   fluctuations  of  runoff  from  Burns   Creek  during 
midsurnmer . 


WATER  TEMPERATURE 

Water  temperature  recorders  were 
installed  at  each  stream  gaging  station 
in  1968.  As  expected,  water  temperature 
trends  follow  closely  the  annual  trend 
of  air  temperature  during  suiraner  months. 
The  streams  are  snow  covered  during 
winter  months  and  air  temperature  has 
little  or  no  influence  on  stream  tem- 
perature (fig.  8).   Daily  maximiom 
water  temperatures  during  December  to 
February  1970  averaged  about  38°  F 
(3.3°  C)  compared  with  30°  F  (-1.1°  C) 
for  air  temperature.   Maximum  water 
temperatures  of  50-52°  F  (10-11°  C) 
occur  in  July  and  August  when  maximum 
air  temperature  is  near  90°  F  (32.2°  C) . 

SEDIMENTATION 

The  watersheds  were  stable  under 
natural  conditions  and  sediment  trapped 
by  weir  dams  was  extremely  low.   In 
fact,  weir  ponds  on  McCree  and  Bums 
watersheds  did  not  require  cleaning 
between  1961  and  1970.   Fox  Creek  flows 


through  an  area  where  side  slopes  are 
overs teepened  and  sparsely  vegetated 
between  2,800-  and  3,000-foot  (845- 
and  915-m)  elevations.   Soil  material 
dry- raveled  into  the  stream  channel 
during  the  summer  months,  and  spring 
runoff  carried  it  to  the  weir  pond 
where  it  was  trapped.   Annual  bedload 
from  Fox  Creek  ranged  from  5  to  18  tons 
(4.5  to  16.3  metric  tons)  and  averaged 
12  tons  (10.9  metric  tons)  between 
1966  and  1970. 

Unfortunately,  there  are  no  data 
for  suspended  sediment  production.   This 
is  a  serious  oversight  because  one  main 
objective  of  the  research  program  was 
to  test  for  changes  in  total  sediment 
production  after  roadbuilding  and  timber 
harvest.   Some  recent  data  from  Lake 
Creek,  located  immediately  west  of 
Fox  Creek  and  still  undisturbed,  gives 
a  clue  to  the  suspended  sediment  amounts 
from  the  experimental  watersheds.   The 
values  from  Lake  Creek  during  the  1975 
spring  runoff  were  always  less  than 
6  milligrams  per  liter — most  of  the 
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Figure   8. — Plottings  of  air  temperature  and  water   temperature  on 
Burns  Creek . 
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samples  contained  only  1  milligram  per 
liter.   Applying  these  values  to  the 
measured  runoff  from  the  experimental 
watersheds  indicates  an  annual  yield 
of  less  than  10  pounds  per  acre  (11.2 
kg  per  ha)  per  year. 

CHEMISTRY    OF    STREAMFLOW 

Measurements  of  dissolved  chem- 
icals and  water  chemistry  were  initiated 
in  April  1970.   Although  the  period  of 
record  before  the  fire  is  short,  results 
indicate  chemical  stability  of  the 
watersheds  under  forested  conditions. 
The  most  salient  feature  of  water 
chemistry  measurements  was  the  low 
concentration  of  nitrogenous  constit- 
uents (table  3).   Results  for  nitrate 
nitrogen  are  a  contrast  to  the  concen- 
trations observed  at  the  mouth  of  the 
Entiat  River  where  the  levels  ranged 
from  0.1  to  0.7  mg/liter  (U.S.  Geolog- 
ical Survey  1965) .   Values  for  concen- 
trations of  Ca,  Mg,  Na,  K,  electrical 
conductivity,  pH,  and  total  alkalinity 
were  similar  to  those  observed  by  the 
U.S.  Geological  Survey  (1965)  at  the 
mouth  of  the  Entiat  River. 


DISCUSSION    AND    CONCLUSIONS 

The  Entiat  Experimental  Forest  was 
dedicated  for  the  purpose  of  studying 
the  effects  of  forest  management  on  the 
water  resource  in  the  20-  to  30-inch 
(50.8-  to  76.2-cra)  annual  precipitation 
zone  of  north-central  Washington.   Un- 
fortunately, wildfire  swept  the  entire 
area  just  as  the  calibration  period 
was  being  completed;  and  the  original 
objectives  could  not  be  fulfilled. 
Although  the  fire  was  a  serious  loss 
to  planned  watershed  management  research, 
it  has  provided  a  unique  opportunity 
in  the  Northwest  to  study  the  effects 
of  complete  deforestation  by  fire  on 
the  quantity  and  quality  of  runoff  and 
on  other  watershed  values.   This  oppor- 
tunity was  possible  only  because  the 
calibration  data  were  available  for 
comparison  with  postfire  data. 

The  calibration  data  presented  in 
this  paper  indicate  that  the  watersheds 
were  stable  under  forested  conditions 
and  that  streamflow  was  extremely  pure 
chemically.   Quantity,  quality,  and 
timing  of  streamflow  from  other  forested 


Table   Z-- Chemistry  of  streams  on  the  Entiat  Experimental  Forest,  April-August  1970 


Constituents  or 
characteristics 

Fox  Creek 

Burns  Creek 

McCree  Creek 

Average 

Maximum 

Average 

Maximum 

Average 

Maximum 

NH^(mg/l1ter)-/ 

0 

0 

-- 

0.002 

0.002 

0.005 

Kjeldahl   N  (mg/liter) 

0.042 

0.071 

0.045 

.068 

.082 

.188 

NO^-,N   (mg/liter) 

.006 

.016 

— 

.003 

.001 

.004 

Urea  N   (mg/liter) 

0 

0 

.005 

.025 

.004 

.010 

Na  (mg/liter) 

2.5 

2.8 

2.5 

3.1 

3.0 

3.7 

K  (mg/liter) 

1.2 

1.3 

1.0 

1.3 

1.2 

1.4 

Mg   (mg/liter) 

1.1 

1.1 

1.2 

1.5 

1.6 

2.1 

Ca  (mg/liter) 

4.7 

12.4 

6.7 

8.5 

9.0 

11.7 

Total 
alkalinity   (meq/liter) 

.58 

.68 

.65 

.89 

.57 

.66 

Electrical 
conductivity       „/ 
(micro  mhos/cm)- 

47 

66 

Mi^ 

nimum 
33 

41 

54 

Minimum 
36 

54 

70 

Minimum 
42 

pH 

7.1 

7.5 

7.2 

7.6 

7.1 

7.6 

^   1  mg   liter'^  =  2. 

?2  pounds 

acre- toot) 

-1 

2/ 


Taken  from  1968  to  1970  (April-August) 
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areas  in  north-central  Washington  with 
similar  geology  and  soils  and  comparable 
amounts  of  precipitation  should  be 
similar  to  the  values  presented  in  this 
paper. 

POSTFIRE  RESEARCH  PROGRAM 

Although  the  main  objective  of 
this  paper  is  to  describe  the  watersheds 
under  prefire  conditions,  some  readers 
may  be  interested  in  postfire  activities, 
As  of  June  1,  1975,  12  papers  dealing 
with  nutrient  cycling,  water  chemistry, 
yield,  and  temperature  changes,  vege- 
tation dynamics,  and  economic  impacts 
had  been  published,  and  3  others  were 
in  press  (see  appendix).   Also,  a  pre- 
liminary model  was  developed  by  J. 
Paul  Riley  (Utah  State  University)  for 


predicting  daily  runoff  from  inputs 
of  precipitation,  air  temperature,  and 
ground  water  conditions. 

Watersheds  of  the  Entiat  Experi- 
mental Forest  still  possess  consider- 
able research  value  for  enhancing  our 
knowledge  of  dynamics  of  the  recovery 
process  after  wildfire  in  north- 
central  Washington.   Also,  with  an 
extensive  prefire  and  postfire  data 
base,  the  watersheds  can  serve  in 
the  future  as  a  natural  setting  for  a 
socioeconomic  analysis  of  the  conse- 
quences of  various  resource  management 
alternatives.   Thus,  we  are  continuing 
to  monitor  water  yield  and  chemistry, 
sediment  production,  soil  moisture, 
precipitation,  air  temperature,  and 
vegetation  dynamics. 
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LIST  OF  UNDERSTORY  PLANTS  OF  THE  ENTIAT  EXPERIMENTAL  FOREST 


Shrubs 


Ceanothus  velutinus  Dougl. 

Sdlix  spp. 

Alnus  sinuata  (Reg.)   Rydb. 

Spiraea  betuli folia     Pall. 

Faohistima  myrsinites      (Pursh)   Raf . 

Arotostaphylos  uva-ursi      (L.)   Sprang, 

Chimaphila  umbellata   (L.)   Bart. 

Vaaainium  spp. 

Piwshia  tridentata   (Pursh)   DC. 

Frunus  emax'ginata   (Dougl.)   Walp. 

Rubus  spp. 

Amelanohier  alnifolia   Nutt. 

Ribes   spp . 


Grasses  and  Grass like 

Calamagrostis  rubesaens   Buckl. 

Carex  rossii   Boott 

Poa  sandbergii   Vasey 

Agpopyron  spioatum   (Pursh)  Scribn.  &  Smith 

Bromus  aarinatus   H.  &  A. 

Oryzopsis  exigua   Thurb. 

Stipa  ooaidentdtis   Thurb. 

Bromus  teotorum   L. 
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(Continued) 

Forbs 

Lomatiim  brandegei    (Could.  &  Rose)  Macbr. 

Lupinus  sulphureus   Dougl. 

Caloohortus   lyallii  Baker 

Montia  pevfoliata   (Donn)   Howell 

Sphaevalcea  spp. 

Anaphalis  mctrgccpitaaea   (L.)   B.    &  H. 

Luina  nardosmia     (Gray)  Cronq. 

Senecio  integerrimus   Nutt. 

Smitaoina  racemosa   (L.)  Desf. 

Sedian  stenopetalum  Pursh 

Evythvonium  spp. 

Hydrophyllian  aapitatum  Dougl. 

Eriogonum  spp.   Michx. 

Allium  spp. 

Clarkia  rhomboidea  Dougl. 

Ptevidiim  aquilinvm   (L.)   Kuhn. 

Apooynum  androsaemi folium  L. 

Epilobium  angusti folium  L. 

E.   paniaulatum  Nutt. 

Collinsia  parviflora  Lindl. 

Cryptantha  simulans  Greene 

Hieraoiim  aynoglossoides  Arv.-Touv. 

H.   albiflorum  Hook. 

Mentzelia  disperse  Wats. 

Gay ophy turn  nutallii  T.    &  G. 

Achillea  millefolium  L. 

Collomia  grandi flora  Dougl. 

Collomia  tinotoria  Kell. 

Balsamorhiza  sagittata   (Pursh)   Nutt. 

Phaoelia  hastata  Dougl. 

Zigadenus  paniaulatus    (Nutt.)   Wats. 

Arnica  cordifolia   Hook. 

Polygonum  majus    (Meisn.)  Piper 

Arenaria  macrophylla   Hook. 

Erysimum  asperum   (Nutt.)  DC. 

Conyza  canadensis    (L.)  Cronq. 

Clematis  oolumbiana   var.  dissecta   Hitchc. 
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Table  ^—Monthly  precipitation  at  S,000  feet    (915  m),  near  Bums  Creek  weir 

(In  inches-  ) 


Water 
year 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Total 

1961-^ 

1.6 

6.4 

1.9 

3.3 

5.0 

3.9 

1.0 

1.3 

0.2 

1.2 

0.4 

1.7 

27.9 

62 

1.4 

3.0 

3.0 

(3/) 

(3/) 

3.0 

2.7 

1.3 

.4 

(1/) 

.9 

(3/) 

- 

63 

4.0 

5.0 

2.9 

2.1 

3.8 

1.0 

4.7 

.7 

.2 

1.3 

1.0 

0.7 

27.4 

64 

1.8 

7.2 

2.7 

6.4 

.6 

2.0 

.4 

.1 

1.5 

.1 

.6 

2.3 

25.7 

65 

.3 

3.7 

6.0 

5.6 

2.3 

.6 

1.8 

.4 

.5 

1.0 

1.2 

.4 

23.8 

66 

.5 

2.0 

3.1 

5.5 

.9 

1.8 

0 

.6 

1.3 

1.1 

0 

.2 

17.0 

67 

2.0 

3.8 

3.0 

1.0 

.8 

1.9 

2.4 

.2 

.8 

0 

0 

.3 

16.2 

68 

9.5 

1.9 

4.2 

5.8 

3.6 

1.6 

.3 

.7 

.6 

0 

.8 

1.8 

30.8 

69 

1.9 

3.1 

7.6 

5.6 

2.5 

1.5 

1.0 

.4 

.8 

.1 

0 

.4 

24.9 

70 

.3 

.5 

2.2 

2.8 

.7 

.6 

.5 

0 

0 

.1 

0 

.1 

7.8 

Average 

2.33 

3.66 

3.66 

4.23 

2.24 

1.79 

1.48 

.57 

.63 

.54 

.49 

.88 

22.4 

1   inch  =  2.54  cm. 

Water  year  1961  extends   from  October  1960  to  September   1961,  etc. 

Missing  data. 


Table   5 — Streamflow  from  three  experimental  watersheds  on  the  Entiat  Experimental  Forest,  1962-70 


(In   inches-/) 


Water 
year 


Oct. 


Nov. 


Dec. 


Jan. 


Feb. 


Mar.       Apr. 


May      June 


July 


Aug.     Sept. 


Total 


BURNS 

CREEK 

1962 

0.40 

0.37 

0.38 

0.37 

0.36 

0.40 

1.02 

0.75 

0.65 

0.43         0 

35       0 

29 

5.77 

1963 

.29 

.31 

.36 

.37 

.33 

.45 

.43 

1.25 

.80 

.44 

33 

28 

5.64 

1964 

.27 

.26 

.27 

.28 

.26 

.29 

.45 

1.37 

1.07 

.50 

34 

28 

5.64 

1965 

.27 

.26 

.27 

.26 

.28 

.47 

.92 

1.50 

.99 

.51 

37 

31 

6.41 

1966 

.29 

.27 

.28 

.27 

.24 

.30 

.82 

.97 

.48 

.36 

28 

23 

4.79 

1967 

.22 

.23 

.26 

.24 

.24 

.25 

.28 

1.84 

1.55 

.66 

38 

29 

6.45 

1968 

.30 

.35 

.38 

.37 

.58 

.89 

.82 

1.41 

.82 

.51 

39 

34 

7.16 

1969 

.35 

.32 

.30 

.21 

.25 

.34 

.95 

2.37 

1.04 

.58 

43 

36 

7.50 

1970 

.35 

.32 

.33 

.31 

.29 

.38 

.39 

1.26 

.74 

.40 

30 

27 

5.34 

Average 

.304 

.299 

.314 

.298 

.314 

.420 

.675 

1.413 

.904 

.488 

352 

294 

6.08 

FOX  CREEK 

1952 

.44 

.41 

.40 

.41 

.43 

.39 

.59 

.77 

.83 

.54 

40 

31 

5.90 

1963 

.33 

.37 

.36 

.32 

.33 

.37 

.43 

.99 

1.14 

.62 

42 

33 

6.01 

1964 

.32 

.32 

.31 

.30 

.28 

.33 

.37 

.90 

1.49 

.74 

47 

36 

6.19 

1965 

.33 

.31 

.31 

.32 

.35 

.37 

.60 

1.50 

1.46 

.71 

47 

37 

7.10 

1966 

.33 

.32 

.32 

.30 

.27 

.36 

.44 

1.01 

.66 

.45 

32 

25 

5.03 

1967 

.26 

.27 

.31 

.29 

.27 

.28 

.29 

1.42 

2.44 

.93 

50 

36 

7.62 

1968 

.40 

.36 

.39 

.44 

.59 

.81 

.73 

1.93 

1.45 

.74 

57 

48 

8.89 

1969 

.46 

.46 

.43 

.35 

.30 

.48 

.78 

2.75 

1.69 

.92 

65 

54 

9.81 

1970 

.47 

.41 

.39 

.37 

.34 

.41 

.39 

.88 

.99 

.57 

38 

34 

5.94 

Average 

.371 

.359 

.358 

.344 

.351 

.422 
MCCREE 

.513 
CREEK 

1.350 

1.350 

.691 

464 

371 

6.94 

1962 

.28 

.27 

.27 

.31 

.30 

.29 

.75 

.60 

.51 

.26 

20 

16 

4.20 

1963 

.21 

.27 

.29 

.25 

.32 

.33 

.38 

.95 

.52 

.25 

18 

14 

4.09 

1964 

.17 

.19 

.19 

.20 

.22 

.30 

.43 

1.00 

.87 

.26 

18 

16 

4.17 

1965 

.17 

.18 

.19 

.24 

.33 

.43 

.81 

1.21 

.71 

.28 

20 

17 

4.92 

1966 

.17 

.19 

.18 

.18 

.17 

.30 

.60 

.89 

.32 

.19 

12 

10 

3.41 

1967 

.13 

.16 

.21 

.19 

.23 

.21 

.26 

1.34 

1.23 

.30 

16 

12 

4.54 

1968 

.20 

.20 

.23 

.39 

.49 

.72 

.55 

1.21 

.62 

.28 

22 

18 

5.29 

1969 

.21 

.20 

.23 

.22 

.21 

.47 

.87 

1.48 

.40 

.25 

34 

26 

5.14 

1970 

.21 

.20 

.20 

.28 

.24 

.28 

.29 

.96 

.48 

.17 

13 

23 

3.67 

Average 

.194 

.207 

.221 

.251 

.279 

.370 

.549 

1.071 

.629 

.249 

192 

169 

4.38 

-/   1   inch   =  2.54  cm. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 
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ABSTRACT 

The  use  of  goal  programing  for  selecting  forest  residue 
treatment  alternatives  within  a  multiple  goal  framework  is 
described.  The  basic  features  of  goal  programing  are 
reviewed  and  illustrated  with  a  hypothetical  problem  involv- 
ing the  selection  of  residue  treatments  for  10  cutting  units. 
Twelve  residue- regeneration  treatinent  combinations  are 
evaluated,  using  physical,  economic,  and  environmental 
goals.  Empirical  results  are  reported  for  four  different 
goal  priority  sets.  An  interpretation  of  the  sensitivity  of  the 
optimal  treatment  schedule  associated  with  each  priority  set 
is  also  presented.  Results  indicate  that  goal  programing 
offers  considerable  promise  as  an  operational  decisionmaking 
tool.  Unresolved  problems  include:  the  selection  of  decision 
variables  and  the  quantification  of  goal  attainment  levels, 
goal  preferences,  and  the  relationships  between  forest  resi- 
due treatment  methods  and  managerial  goals. 

Keywords:     Forest  residues,    computer  programs. 


Much  attention  has  been  focused  on  the  problems  associated 
with  the  generation  and  disposition  of  forest  residues  in  the  Pacific 
Coast  States.      Concerns   range  from: 

a.  The  volume  of  logging  residues  left  following  harvesting 
(Howard  1973),    to 

b.  The  economic  and  environmental  impacts  associated  with  a 
variety  of  residue  reduction  treatments   (Bare  and  Jayne  1973, 
Cramer  1974),    to 

c.  The  feasibility  of  using  logging  and  mill  residues  as  potential 
sources  of  electrical  energy  generation  and  as  raw  material 
for  forest  products  (Grantham  et  al,    1974). 

The  central  objective  of  many  of  these  and  other  studies  has  been  the 
analysis  of  alternative  methods  of  residue   reduction.      This  paper 
focuses  on  the  problem  of  examining  selected  economic  and  environ- 
mental impacts  associated  with  alternative  residue  treatment  methods; 
the  specific  objective  is  to  demonstrate  the  potential  use  of  goal 
programing. 

Because  of  the  dynamic  nature  of  a  forest  ecosystem,    almost  any 
action  taken  to  modify  or  dispose  of  forest  residues  has  an  impact  or 
influence  on  other  forest  resources.     Thus,    the  forest  manager  must 
evaluate  the  tradeoffs  between  residue   reduction  alternatives  and  their 
subsequent  impacts  on  the  environment,    other  forest  resources,    and 
people.      Unfortunately,    it  is  usually  difficult  or  impossible  for  a 
manager  to  adequately  evaluate  these  tradeoffs  because  the  benefits 
and  the  undesirable  effects   of  alternative  treatments  are   seldom  under- 
stood,   the  relationships  between  residues  and  other  forest  resources 
are  not  well  documented,    and  few  of  the  above  consequences  can  be  well 
quantified.      The  complexity  and  natural  variability  inherent  in  residues- 
related  problems  also  add  to  the  difficulty  of  evaluating  treatment  alter- 
natives. 

Pierovich  and  Smith  (1973)  have  proposed  a  general  framework 
for  decisionmaking,    concerning  the  evaluation  of  residue   reduction 
alternatives.     They  emphasize  that  any  operational  framework  should 
allow  a  decisionmaker  to  analyze  treatment  alternatives  within  a 
multiple  use  context. 

The  objective  of  this  paper  is  to  explore  the  utility  of  goal  pro- 
graming as  an  operational  decisionmaking  tool  for  analyzing  selected 
forest  residue  treatment  alternatives  within  the  multiple  use  frame- 
work proposed  by  Pierovich  and  Smith,  Since  goal  formulation  is  an 
integral  part  of  multiple  use  management,  any  operational  tool  must 
have  the  flexibility  to  accommodate  diverse  sets  of  objectives.  Goal 
programing  provides  this  capability  to  resource  managers. 


Following  an  introduction  to,    and  discussion  of,    the  goal  programing 
technique,    an  illustrative   residue  treatment  application  is  presented. 
The  paper  concludes  with  a  summary  and  statement  of  recommendations 
for  future  work  in  this  area. 

INTRODUCTION  TO  GOAL  PROGRAMING 

Goal  programing  is  a  variation  of  linear  programing.     As  such, 
it  retains  the  same  basic  assumptions  of  proportionality,    additivity, 
and  divisibility.     Also,    goal  programing,    like  linear  programing,    is 
a  deterministic  decisionmaking  technique.     However,    goal  programing 
differs  in  having  the  capability  of  incorporating  multiple  objectives. 
This  is  accomplished  by  establishing  a  set  of  goals  to  be  attained.     Goal 
programing  then  seeks  an  allocation  of  resources  which  minimizes  the 
sum  of  the  deviations  from  these  specified  goals, 

A  preference  structure  for  ranking  and/or  weighting  goals  is  also 
incorporated  within  the  goal  programing  procedure.     This  allows  a 
decisionmaker  to  explicitly  specify  the  importance  of  attaining  any 
particular  goal  in  comparison  with  any  other  goals  he  may  be  consid- 
ering.     In    summary,    goal  programing  translates  a  multiple  objective 
planning  problem  into  a  single  objective  function  problem  by  focusing 
on  the  minimization  of  deviations  from  specified  goals. 

The  term  "goal  programing"  was  coined  by  Charnes  and  Cooper 
(I96I),    whose  concept  of  "goal  attainment"  evolved  as  a  means  for 
solving  previously  unsolvable  linear  programing  problems.     The  goal 
programing  literature  has  expanded  rapidly  since  then.     Presently,    the 
texts  of  Ijiri  (1965)  and  Lee  (1972)  provide  the  only  complete  treatments 
of  the  theoretical  concepts  underlying  goal  programing. 

Use  of  goal  programing  within  a  forest  management  planning 
context  is  also  recent.     Both  Rustagi  (1973)  and  Field  (1973)  have 
demonstrated  the  potential  and  the  limitations  in  this  respect.      LyonJ.' 
has  applied  goal  programing  to  a  hypothetical  accounting  problem  in 
the  forest  industry,    and  Porterfield  (1973,    1974)  has  used  goal  pro- 
graming in  studying  the  efficiency  of  tree  improvement  programs. 
Romesburg  (1974)  has  applied  goal  programing  to  the  scheduling  of 
recreation  and  wilderness  areas.     The  U.S.    Forest  Service  has  pub- 
lished a  goal  programing  user's  manual  with  illustrative  examples 
(U.S.    Department  of  Agriculture  Forest  Serivce  1974).     The  manual 
is  intended  for  those  who  wish  to  use  Lee's  (1972)  simplex-based 
algorithm  for  solving  goal  programing  problems  on  a  computer.     No 
applications  of  goal  programing  to  evaluate  residue  reduction  treat- 
ment alternatives  have  been  found  in  the  literature. 


—     Lyon,    Gary.      1974.     Applications  of  goal  programming  and  accounting  for 
control  in  the  forest  industry.      Unpublished  manuscript.      Res.    Pap.  ,    53  p.      Coll. 
For.    Resour.  ,    Univ.    Wash.  ,   Seattle. 


The  general  formulation  of  a  goal  programing  problem  (after 
Lee)  is: 


Minimize  Z  =   w    d     +  w   d 


subject  to: 


Ax  +  Id     -  Id     =  b 
Bx{<,    =,    >}h 


X.  >^   0  for  all  j  =  1  ,  2,    ,  .  .  ,  n 

d,    >   0  for  all  k  =  1  ,  2,    .  .  .  ,  m 
k  — 

d     >  0  for  all  k  =  1 ,  2,    .  .  .  ,  m 
k  ~" 

d,    =  0  for  all  k  =  1  ,  2,    .  .  .  ,  m 


\ 


where 


w    ,    w     ~  (Ixm)  vectors  of  priority  factors  (P,  f    k  =  1,    2,    .    ,    .  ,    m) 

for  ordinal  ranking  and  differential  weights  (a.       ,    i  =  1,    2,    .    .    ,  ,    m; 

i,  k 

k  =  1 ,    2,    .    .    .  ,    m)  for  cardinal  weighting  within  a  given  priority 
rank.     These  weighting  vectors,    therefore,    can  be  expressed  as: 

"'<^  =  (°'l,k^k'    "2.kPk'    •    •    •'    ^m,k^k^'    ^   =  1.    2andk=l,    2.     .    .    .,    m 

-        + 
d    ,    d     =  (mxl)  vectors  of  negative  and  positive  deviational  variables 

representing  negative  and  positive  deviations  from  goals. 

b  =  (mxl)  vector  of  desired  goal  levels 

A  =  (mxn)  matrix  of  coefficients  which  relate  the  technical 
relationships  between  decision  variables  and  goals 

X  =  (nxl)  vector  of  decision  or  choice  variables 

I   =  (mxm)  identity  matrix 

B  =  (rxn)  matrix  of  coefficients  which  relate  the  technical  rela- 
tionships between  decision  variables  and  constraints 

h  =   (rxl)  vector  of  constraint  levels 

n  -  index  referring  to  the  number  of  variables 

m=  index  referring  to  the  number  of  goals 

r  =  index  referring  to  the  number  of  constraints 

Except  for  the  restriction,    d^  .    d     =0,    it  is  readily  apparent 
that  this  problem  can  be  solved  with  the  simplex  method  of  linear 
programing.     Since  dj^  and  dj^  are  linearly  dependent,    the  simplex 
algorithm  automatically  ensures  that  the  above  stated  constraint  is 
always  satisfied.     Therefore,    these  latter  constraints  will  be  ignored 
in  the  remainder  of  this  paper. 


As    formulated  above,    the  problem  is    to    minimize  the  sum  of 
positive  and  negative  deviations  from   a  set    of    specified  goal    levels 
subject  to  a  set  of  constraints.     Hence,    it  is  assumed  that  all  goals 
are  to  be  as  closely  attained  as  possible.     Many  times,   however, 
overachievement  of  a  particular  goal  is  an  acceptable  outcome.     In 
such  cases,    the  positive  deviational  variable  can  be  deleted  from  the 
objective  function.     In  this  case,   the  objective  is  to  minimize  the 
underachievement  of  a  goal  by  driving  the  negative  deviational  variable 
to  zero.     However,    the  positive  deviational  variable  in  solution  is 
free  to  take  on  any  value  >^  0.     If  underachievement  of  a  goal  is  an 
acceptable  outcome,    the  negative  deviational  variable  is  deleted  from 
the  objective  function.     In  this  case,   the  objective  is  to  minimize  the 
overachievement  of  a  goal  by  driving  the  positive  deviational  variable 
to  zero.     However,    the  negative  deviational  variable  in  solution  is 
free  to  assume  any  value  >^  0.     If,    as  originally  stated  above,    exact 
achievement  is  desired,    both  the  positive  and  negative  deviational 
variables  must    appear  in  the  objective  function. 

One  of  the  key  features  of  goal  programing  is  its  ability  to  allow 
a  decisionmaker  to  ordinally  rank  goals  according  to  his  own  prefer- 
ence  structure.      The  effect  of  this   ordinal  ranking  in  the  solution 
process  is  to  force  the  goal  with  the  highest  priority  to  be  satisfied 
as  closely  as  possible  before  the  next  lower  ranking  goal  is  considered. 
Several  goals  may  be  assigned  the  same  priority  factor.     A  set  of 
preemptive  priority  factors   is  assigned  to  goals  to  indicate  the  desired 
ranking.     These  priority  factors  are  defined  such  that  P,  >   >  >  P-y^  ^  p 
which  implies  that  a  goal  ranked  at  P     is  more  important  than  a  goal 
ranked  at  P,     ,    ,  .    ,This  relationship  among  goals  holds  throughout  the 
entire  solution  process.     In  particular,    at  any  point  in  the  computa- 
tional process,    a  variable  cannot  enter  the   solution  and,    hence, 
improve  the  attainment  of  a  goal  at  a  given  priority  level  at  the  expense 
of  a  goal  assigned  a  higher  priority. 

In  addition  to  the   ranking  of  goals  through  the   assignment  of 
priority  factors,    deviational  variables  within  a  given  priority  level 
may  be  assigned  differential  weights.     These  weights  express  the 
relative  opportunity  cost  or  regret  associated  with  one  unit  of  unsatis- 
factory deviation  from  the    goal  level  (Ijiri  1965).     These  so-called 
"coefficients  of  regret"  are  assigned  to  deviational  variables  associated 
with  a  common  goal  and  assigned  a  common  priority  factor.     The 
challenging  problem  is  to  define  these  "coefficients  of  regret.  "     Arbi- 
trary assignments  of  weights  are  valid  only  so  long  as  other  decision- 
makers agree.      In  the  end,    each  decisionmaker  must  pass  judgment  on 
the  appropriateness  of  assigned  weights  and  priority  factors. 

ALGORITHMS  FOR  GOAL  PROGRAMING 

The  simplex  algorithm  of  linear  programing  can  be  used  to 
solve  goal  prograraing  problems.     However,    if  more  than  one  priority 
level  is  involved,    the  preemptive  priority  factor  must  be  converted 


to  numerical  values  to  preserve  the  desired  ranking.      Field  (1973) 
has  suggested  a  "priority  factor  algorithm"  for  determining  these 
numerical  values,   thus  permitting  use  of  the  standard  simplex 
algorithm. 

Lee  (1972)  has  modified  the  standard  simplex  algorithm  in  such 
a  way  that  numerical  coefficients  for  the  different  preemptive  priority 
factors  are  not  required.     Instead,   his  method  accepts  the  ordinal 
ranking  of  goals  as  provided  by  the  decisionmaker.     This  preference 
structure  is  subsequently  incorporated  into  the  simplex  algorithm  by 
maintaining  a  matrix  of  Z-  -  C^  values^'    instead  of  the  customary  row 
vector.     Each  row  of  the  matrix  contains  Z;  -   C^  values  for  a  particu- 
lar priority  level.     At  each  iteration  of  the  simplex  algorithm,    the  row 
of  the  matrix  corresponding  to  the  highest  priority  factor  currently 
being  considered  is  used  to  determine  the  column  vector  entering  the 
solution.     Only  after  a  goal  is  attained  "as  closely  as  possible"  is  the 
next  lowest  priority  level  considered.     However,    as  previously  stated, 
a  variable,    which  may  be  a  candidate  for  entering  the  solution,    cannot 
enter  if  it  will  be  done  at  the  expense  of  a  goal  assigned  to  a  higher 
priority. 

In  other  words,    all  Z:  -  C^'s  associated  with  a  column  vector 
must  be  considered  before  an  entering  column  vector  can  be  selected. 
Charnes  and  Cooper  (1961)  have  suggested  a  third  alternative  for 
including  priority  factors  in  a  goal  programing  model.     However, 
since  their  method  increases  the  size  of  the  problem  by  adding  con- 
straints on  deviational  variables  and  because  it  may  not  produce  the 
true  optimum  solution,    it  will  not  be  further  discussed  in  this  paper. 

In  comparing  the  first  two  alternatives  presented  above,    Lee 
(1972,    p.    127)  states: 


.  .  .  some  researchers  have  used  the  conventional  linear 
programming  package  by  converting  the  preemptive 
priority  factors  to  numerical  values.     However,    the 
use  of  linear  programming  by  estimating  the  numerical 
values  of  multiple  conflicting  goals  brings  us  right 
back  to  where  we  started.      Conceptually,    goal  program- 
ming is  based  on  ordinal  solution  on  the  basis  of  priority 
of  goals.     Consequently,    the  use  of  linear  programming.  . 
not  only  defeats  the  very  purpose  of  the  goal  program- 
ming approach,    but  also  violates  the  basic  rule  of  goal 
programming. 


2/ 

—      Zj  -  Cj  is  common  terminology  for  the  evaluation  row  of  the  simplex 

tableau  used  to  determine  the  column  vector  that  should  enter  the  basis  to  mini- 
mize the  objective  function  at  the  fastest  rate. 


Field  (1973)  also  acknowledges  this:     "His  [Lee's]  approach 
appears  to  represent  the  only  completely  satisfactory  means  of 
guaranteeing  a  desired  ordinal  ranking.  "     The  basic  issue,    of  course, 
is  that  as  soon  as  preemptive  priorities  are  converted  to  numerical 

values,    a  cardinal  rather  than  an  ordinal  measure  is  adopted,    and 

3  / 
one  goal  becomes  X-times  as  important  as  another.  —  '     However,    if 

the  preemptive  priorities  can  be  correctly  converted  to  numerical 

values,    the  solution  is   unaffected. 

Lee's  modified  simplex  procedure  was  used  to  solve  all  goal 
programing  problems  presented  in  this  paper.      A  version  of  this 
algorithm,    modified  to  run  on  the  CDC  6400  computer  system,   was 
obtained  and  implemented.  —  '     According  to  Lee  (1972),    the  program 
has  been  completely  tested  and  debugged.     However,    occasional 
problems  were  encountered,    requiring  corrective  code.      An  obvious 
limitation  of  Lee's  program  concerns  the  maximum  size  of  the 
problem  that  can  be  solved.      This   results  because  all  matrices  are 
retained  in  central  memory  during  the  computational  process.     For 
example,    approximately  32,  000  decimal  words  of  central  memory 
were  required  for  the  illustrative  problem  presented  below.     As 
formulated,    this  goal    programing  problem  allowed  up  to  9  priority 
levels,    40  constraints  and/or  goals,    and  180  variables. 

AN  EXAMPLE  OF  GOAL  PROGRAMING 

The  following  example  is  intended  to  illustrate  features  of  goal 
programing    as    applied   to    a   specific  multiple  use  decisionmaking 
problem;  namely,    the  selection  of  alternative  residue  reduction  treat- 
ments consistent  with  certain  prespecified  goals. 

The  problem  involves  the   selection  of  an  appropriate  combina- 
tion of  residue  and  regeneration  treatment  alternatives  for  10  cutting 
units  located  on  the  western  slopes  of  the  Washington  Cascade  Range, 
such  that  certain  goals  are  attained  as  closely  as  possible  while   simul- 
taneously satisfying  ell  constraints.      Relevant  characteristics  of 
these  10  cutting  units  are  shown  in  table  1.—       Some  of  these  data 
were  extracted  from  reports  describing  the  current  condition  of 
recently  logged  cutting  units  on  the  Skykomish  Ranger  District  of  the 
Mount  Baker-Snoqualmie  National  Forest.     Other  data  were  fabricated 
for  this  example. 


3/ 

—  Technically,    Lee's  preemptive  priority  factors  imply  an  infinite  value 

ratio  and  hence  a  cardinal  relation  between  two  goals.     However,    his  algorithm 
is  conceptually   based  on  an  ordinal  ranking  and  yields  an  ordinal  solution. 

4/ 

—  This  program  was  obtained  from  Kenneth  Bottoms,    a  management  analyst 

in  the  Land  Use  Planning  Group,    U.S.    Forest  Service,    Fort  Collins,    Colo. 
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—  See  the  last  page  of  this  report  for  conversion  factors  for  metric  units. 


Table   '[--Description  of  cutting  units  requiring  treatment 


Cutting 

unit 

number 

Acreage 

Slope 

Residue 

Elevation 

Aspect 

Condition 
of  slashi 

Percent 

Tons/acre 

Feet 

1 

15 

90 

80 

1,500 

South 

Dry 

2 

10 

20 

100 

1,600 

North 

Green 

3 

56 

10 

80 

2,800 

Flat 

Dry 

4 

19 

25 

100 

2,500 

South 

Dry 

5 

25 

90 

100 

1,900 

West 

Green 

6 

2 

25 

80 

3,100 

South 

Dry 

7 

70 

20 

80 

3,200 

West 

Dry 

8 

49 

40 

40 

4,000 

Northwest 

Dry 

9 

20 

25 

100 

3,700 

South 

Green 

10 

50 

90 

80 

2,000 

Northeast 

Dry 

^Dry  =  Dry  slash  without  needles. 
Green  =  Green  slash  with  needles. 


Four  alternative   residue   reduction  treatments  and  three  alterna- 
tive regeneration  treatments  were  considered.     These  treatment 
combinations  and  their  respective  cost  and  success  ratios_'    are 
given  in  table  2,     In  addition  to  these  treatment  alternatives,    two  sets 
of  constraints  and  six  sets  of  goals  were  included. 


Table  1- -'Residue-regeneration  treatment  combinations'^ 


Residue, 
cost/ 
acre 

Regeneration  alternatives 

Residue 
alternatives 

Natural 

Hand  plant 

Aerial  seed 

Cost/ 
acre 

Success 

Cost/ 
acre 

Success 

Cost/ 
acre 

Success 

Do  I lars 


Percent       Dollars 


Percent       Dollars     Percent 


Do  nothing 

0 

0 

20 

200 

65 

15 

50 

Broadcast 

burn 

80 

0 

45 

110 

75 

15 

65 

Machine  pile 

and  burn 

160 

0 

55 

90 

80 

15 

70 

Hand  pile 

and  burn 

250 

0 

40 

90 

70 

15 

60 

^Assumptions  are  (1)  machine  piling  and  burning  not  feasible  on  cutting  units 
with  slopes  greater  than  35  percent,  and  (2)  success  ratios  are  reduced  20  percent 
for  cutting  units  over  3,000  feet  in  elevation  on  southern  exposures. 


—     Success  ratios  measure  the  chance  of  achieving  a  fully  stocked  stand 
within  3  years  of  the  initial  residue- regeneration  treatment. 


CONSTRAINTS 

The  first  set  of  constraints  specifies  that  each  of  the  10  cutting 
units  be  completely  treated  by  one  or  more  of  the  above  listed  treat- 
ment alternatives.     The  second  set  specifies  that  machine  piling  and 
burning  is  not  feasible  on  cutting  units  with  slopes  over   35  percent. 

GOALS 

Six  types  of  goals  are  included  in  the  example.     These  are: 

a.  An  annual  residue  budget  goal 

b.  An  annual  regeneration  budget  goal 

c.  A  success  ratio  goal  for  each  unit  following 
stand  establishment 

d.  A  rate  of  spread  goal  for  each  unit  following  treatment 

e.  A  particulate  matter  goal  associated  with  residue 
burning 

f.  A  set  of  goals  for  soil  loss  resulting  from  each  residue 
treatment  method. 

These  goals,    along  with  the  constraints  and  the  various  treatment 
alternatives,    are  transformed  into  a  goal  programing  framework  as 
follows. 


PROBLEM  FORMULATION 

Let  x^  be  the  proportion  of  a  cutting  unit  subjected  to  one  of  the 
feasible  residue- regeneration  treatment  combinations.      For  clarity, 
these  treatment  combinations  are  listed  and  numbered  in  table  3. 

Table  3--List  of  possible  residue-regeneration  alternatives 


Treatment 

Description  of  combination 

combination 
number 

Residue 
treatment 

Regeneration 
treatment 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


Do  nothing 

Natural 

Do  nothing 

Hand  plant 

Do  nothing 

Aerial  seed 

Broadcast  burn 

Natural 

Broadcast  burn 

Hand  plant 

Broadcast  burn 

Aerial  seed 

Machine  pile  and 

burn 

Natural 

Machine  pile  and 

burn 

Hand  plant 

Machine  pile  and 

burn 

Aerial  seed 

Hand  pile  and  bui 

^n 

Natural 

Hand  pile  and  bui 

"n 

Hand  plant 

Hand  pile  and  bui 

'-n 

Aerial  seed 

Since  a  total  of  1  2  treatment  combinations  exists  for  each  of  the  10 
cutting  units,    the  problem  involves  a  maximum  of  120  variables. 
However,    because  machine  piling  and  burning  is  not  a  feasible  alter- 
native on  cutting  units  1,    5,    8,    and  10,    due  to  the  maximum  slope 
constraint,    only  108  variables  actually  are  needed. 

In  addition  to  these  108  choice  variables,   the  negative  and 
positive  deviational  variables  must  also  be  considered.     For  example, 
variable  X23  represents  the  proportion  of  the  third  cutting  unit  to  be 
treated  using  hand  piling  and  burning  as  the  residue  treatment  and 
aerial  seeding  as  the  regeneration  method. 

The  constraint  set  for  the  problem  can  now  be  expressed  as 
shown  in  equations  1-10: 

t  t   =  9,    21,    33,    45,    54,    66,    78,    87,    99,    108 

E       x.  =  1 
J 
j  =  s  s  =  1,    10,    22,    34,    46,    55,    67,    79,    88,    100  (1-10) 

Goals  to  be  included  in  the  problem  have  been  listed.      The  first 
goal,    the  annual  residue  treatment  budget,    can  be  written  as: 


108 
J  =  1 


E  a,  ,  .  X.  +  d"   -  d^  =  b  (11) 

1    J     J  1  1  1 


The  a,  ,  ■  coefficients  represent  the  total  cost  of  treating  the 
residue  on  a  cutting  unit  using  one  of  the  feasible  treatment  alterna- 
tives.     For  example,    consider  coefficient  a^    28  ~  $^'  960.     This  is 
the  total  cost  of  treating  the  residue  on  cutting  unit  3  (56  acres)  by 
machine  piling  and  burning  at  a  cost  of  $160  per  acre.     The  two 
deviational  variables  in  equation  1 1    reflect  the  underachievement  or 
overachievement  of  a  given  residue  budget  goal  (bi  ).     The  residue 
budget  goal  presented  here  is  merely  a  target  level  which  a  land 
manager  believes  is  a  realistic  cost  for  accomplishing  a  job.     This 
is  also  true  for  the  regeneration  budget  goal. 

The  annual  regeneration  treatment  budget  can  be  expressed  as: 

108 

Z 
j  =  1 


Z  a-    .  x.  +  d"  -  d!  =  b^  (12) 

2, J     J  2  2  2 


The  a^    ;  coefficients  represent  the  total  cost  of  regenerating  the 
cutting  unit  using  one  of  the  feasible  alternatives.      Consider  coeffi- 
cient a^    ,  o  =  $1  50,      This  is  the  total  cost  of  aerial  seeding  the 
second  cutting  unit  (10  acres)  at  a  cost  of  $1  5  per  acre  following 
machine  piling  and  burning  of  the  residue.     The  deviational  variables 
in  equation  12  represent  the  underachievement  or  overachievement 
of  a  given  regeneration  budget  goal  (b^). 

9 


The  third  set  of  goals   (i.e.,    goals   3-12)  concerns  the  success 
ratio  for  newly  established  stands.      With  data  displayed  in  table  2, 
these  goals  are  formulated  as: 

^    a      .  X.  +  d"  -  d,^  =  b    ,    for  all  k  =  3,    4,    ,  .  .  ,    12  (13-22) 

J       k,  J     J  k  k  k 

The  index  of  summation  (j)  in  the  above  goals  is  as  previously  defined 
in  equations  1-10  .      For  example,    for  the  fourth  cutting  unit,    the 
goal  is: 

^^  -  + 

E  a,     .  X.  +  d,    -  d-    =  b, 

o  ^  o, J     J          6  6         6 
J  =  34 

The  aj^    ^  coefficients  represent  the  success   ratio  for  newly  established 
stands  and  are  as  listed  in  table  2.     The  bj^  terms  represent  the  suc- 
cess ratio  goals  for  each  of  the  10  cutting  units. 

The  fourth  set  of  goals  (i.  e.  ,    goals  1  3-22)  concerns  the 
potential  rate  of  spread  of  the  fuels  left  on  the  cutting  unit  following 
the  selected  residue  treatment.     These  goals  are  expressed  as: 

^    a      .  X    +  d"   -  d"^  =  b    .    for  all  k  =   1  3,    14 22  (23-32) 

J      k.j     J  k         k         k 

The  index  of  summation  (j)  is  as  defined  above.      The  a^    i  coefficients 
in  equations  23-32  represent  the  potential  rate  of  spread  of  the  perim- 
eter   of   a    fire    in  chains  per  hour.     These  coefficients  were  estimated 
as  a  function  of  the  slope  of  each  cutting  unit,    the  feasible  residue 
treatment  alternatives,    and  the  condition  of  the  slash.     Because  this 
type  of  information  was  not  readily  available,    it  was  necessary  to 
use  postulated  values  and  relationships.      Consequently,    base  line  rates 
of  spread  were  assumed  for  slopes  of  10-30  percent.     These  figures 
were  doubled  for  slopes  of  31-60  percent  and  redoubled  for  slopes  of 
61-90  percent.  —  '     Table  4  contains  the  resulting  assumed  values.     The 
rates  of  spread  identified  with  each  feasible  residue  treatment  on 
each  cutting  unit  were  computed  using  these  values--for  example, 
^14     10  ~  ^^-     Thus,    if  the  green  slash  on  cutting  unit  2  is  left 
untreated,    a  potential  rate  of  spread  of  1  5  chains  per  hour  is  expected. 
The  bj^  values  for  equations  23-32  represent  the  rate  of  spread  goals 
specified  for  each  cutting  unit. 


II 

Other  factors  likely  influencing  the  rate  of  spread  include  solar  radiation, 

moisture  content,    temperature,    and  size,    shape,    and  distribution  of  the  residues. 

However,    additional  experimentation  and  analysis  are  needed  before  these  and 

other  factors  can  be  incorporated  into  any  comprehensive  land  management 

decisionmaking  process. 
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Table  ^--Assumed  potential  rates  of  spread 
(perimeter  increase)  affected  by 
slope,   residue   treatment  method, 
and  condition  of  slash 

(In  chains  per  hour) 


Residue  treatment 


Percent  slope 


10-30 


31-60 


61-90 


No  treatment: 
Dry  slash 
Green  slash 

Broadcast  burn 

Machine  pile  and  burn 

Hand  pile  and  burn 


22.5 

45 

90 

15 

30 

60 

2 

4 

8 

1 

2 

(M 

3 

6 

12 

Not  considered  feasible, 


The  fifth  set  of  goals  to  be  formulated  (i.  e.  ,    goals   23-Z6)   con- 
cerns the  particulate  matter   released  into  the  atmosphere  as  a  result 
of  burning.      For  this  example,    it  was  assumed  that  the   10  cutting  units 
were  clustered  into  4  groups.      Further,    it  was  assumed  that  it  was 
advantageous  to  burn  residues  on  four  different  occasions.      Cluster 
one  contained  cutting  units   1-3,    cluster  two  contained  cutting  units 
4  and  5,    cluster  three  contained  cutting  units  6-8,    and  cluster  four 
contained  cutting  units   9  and  10.      The  particulate  matter  goals  are 
expressed  as: 


33 

J  =  1 


a         .  X.  +  d        -  d        =  b 
23, J     J  23  23  23 


;33) 


54 
S 
j  =  34 


a         .X.     +  d_  ^    -   d_ ^   =  b 

24, J      J  24  24  24 


(34) 


87 

j  =  55 


a         .  X.  +  d        -   d        =  b 
25,  J     J  25  25  25 


(35) 


108 

j  =   S 


a         .  X.  +  d        -   d        =  b 
26, J     J  26  26  26 


(36) 


The  aj^    ■,  coefficients  in  equations   33-36   represent  hundreds  of 
pounds  of  particulate  matter   released  into  the  atmosphere  as  a  result 
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of  burning  residue  on  a  specified  cutting  unit.      The  total  pounds  of 
particulate  generated  from  broadcast  and  pile  burning  were  computed 
by  multiplying  the  amount  of  residue  on  each  cutting  unit  as  reported 
in  table  1   by  the  conversion  coefficients   shown  in  table   5.      These 
coefficients  are  only  rough  approximations  and  are  used  here  for 
illustrative  purposes  only.      The  resulting  coefficients  for  each  of  the 
10  cutting  units  were  computed  using  these  data.      For  example, 
coefficient     aoo    oy  "   268.8  pounds  of  particulate   (hundreds  of  pounds). 
Thus,    if  the  third  cutting  unit  is  completely  broadcast  burned,    a 
total  of  26,  880  pounds  of  particulate  will  be  emitted  into  the  atmos- 
phere (i.  e.  ,    80  tons/acre  X   56  acres  X  6  pounds   of  particulate /ton) . 
The  h-^  values   (k  =   23,    24,  .  .  .  ,    26)  for  eq^iations   33-36  represent  the 
particulate  level  goals  for  clusters  of  cutting  units  which  will  be 
treated  simultaneously.      The  basic  assumption  in  these  equations  is 
the  additive  effect  realized  by  burning  several  cutting  units.      However, 
this  assumption  is  likely  not  valid  and  will  be  discussed  later. 


Table  5--Assumed  amount  of  particulate  matter  generated 
for  each  residue  treatment  method  and  condi- 
tion of  slash 

(Pounds  per  ton) 


Residue  treatment 


Dry  slash 


Green  slash 


Do  nothing 
Broadcast  burn 
Machine  pile  and  burn 
Hand  pile  and  burn 


0 
24 
17 
17 


The   sixth  and  final  set  of  goals  (i.  e.  ,    goals   27-30)  concerns 
the  assumed  soil  loss  generated  from  each  residue  treatment  method. 
These  losses  are  considered  to  be  only  short  term  (i.e.  ,    3  years  or 
less).      This   set  of  goals  is  formulated  as: 


a,      .  X.  +  d, 
k.J      J  k 


d+   =  b. 


for  all  k  ^  27,    28,    29,    30 


(37-40) 


The  index  of  summation  (j)  is  as  previously  defined  in  equations   33-36 
since  the  effects  of  soil  loss  are  assumed  additive  for  each  cluster  of 
cutting  units  as  it  is  treated.      The  a^^    •  coefficients  in  equations   37-40 
represent  the   soil  loss  generated  on  each  cutting  unit  after  a  specific 
residue  treatment.      These  coefficients  were  obtained  by  multiplying 
the  number  of  acres  on  each  cutting  unit  as   reported  in  table   1,    by 
the  conversion  coefficients   shown  in  table  6.      These  conversion 
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coefficients,    like  the  particulate  conversion  coefficients,    are  approxi- 
mations and  used  only  for  illustrative  purposes.     Soil  loss  was  esti- 
mated for  each  residue  treatment  for  cutting  units  with  slopes  of 
31-60  percent.     These  estimates  were  reduced  by  10  percent  for 
slopes  of  10-30  percent  but  increased  by  1  5  percent  for   slopes  of 
61-90  percent.      Thus,    if  cutting  unit  1   is  broadcast  burned,    a  total 
of  7.  545  tons   of  soil  will  be  lost  over  a  3-year  period  (i.  e.  ,    15  acres 
X  0.  503  ton/acre).     The  bj^  values  (k  =  27,    28,    29,    30)  for  equations 
37-40  represent  the   soil  loss  goals  for  the  cutting  units  treated 
together. 

Table  ^--Assumed  soil  loss  generated  by 
residue  treatment  method  for  a 
given  slope  class 

(Tons   per  acre) 


Residue  treatment 


Percent  slope 


10-30 


31-60 


61-90 


No  treatment                      0.338     0.375  0.431 

Broadcast  burn                     .394       .438  .503 

Machine  pile  and  burn       .422       .469  (^) 

Hand  pile  and  burn             .373       .414  .476 

^Not  considered  feasible. 


RESULTS  OF  TRIAL  RUNS 


To  demonstrate  the  sensitivity  of  the  optimal  solution  under 
varying  goal  priority  structures,    four  trial   runs  were  conducted. 
The  goal  levels,    deviational  variables,    priority  factors,    and  differ- 
ential weights  assumed  in  these  trial   runs  are  given  in  table  7. 

The  first  trial  run  involved  108  decision  variables,    30  positive 
deviational  variables,    and  40  negative  deviational  variables,    for  a 
total  of  178  variables.      (Note  that  a  negative  deviational  variable  was 
associated  with  equations   1-10.)     A  total  of  40   rows   (10  constraints 
and  30  goals)  was  also  involved. 

In  the  first  trial    run,    each  goal  was  given  a  priority  of  P,    and 
a  differential  weight  of  1.     Either  or  both  negative  and  positive  devia- 
tions from  their  corresponding  right-hand  side  values  were  allowed 
for  each  goal  in  each  of  the  trial  runs.      Both  negative  and  positive 
deviations  from  residue  and  regeneration  budget  goals  were  specified 
in  the  objective  function,    indicating  that  exact  attainment  of  each 
goal  was  desired.      Recall  that  the   residue  and  regeneration  budget 
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goals   referred  to  here  are  merely  target  costs  which  a  land  manager 
would  consider  realistic  to  accomplish  a  job.      The  positive  devia- 
tional  variables  for  the   regeneration  success  goals  were  omitted 
from  the  objective  function,    denoting  that  overattainment  was  accepta- 
ble.     Similarly,    the  negative  deviational  variables  for  the   rate  of 
spread,    particulate  emission,    and  soil  loss  goals  were  omitted  from 
the  objective  function,    indicating  that  underachievement  was  accepta- 
ble.     The  goal  levels  are   shown  in  table  7. 

Table  1 --Priority  structure  of  goals  for  trial  runs 


Goal 

Go< 

al 

Priori 

ty  of  dev 

'ational   variab" 

esi 

Goal 

Run  1 

Run 

2 

Run 

3 

Run 

4 

number 

d 

escription 

level 

^k 

< 

^k 

< 

^k 

< 

^k 

< 

1 

Residue  budget   (doll 

ars) 

50 

,000 

Pi 

Pi 

Pi 

Pi 

P3 

P3 

P3 

P3 

2 

Regenerat" 
Regenerat 

on  budget 
on  success 

(dollars) 
(percent): 

20 

,000 

Pi 

Pi 

Pi 

Pi 

P3 

Pa 

P3 

Pa 

3 

Unit  1 

75 

Pi 

Pi 

P2 

Pi 

4 

Unit  2 

75 

Pi 

Pi 

P2 

Pi 

5 

Unit  3 

75 

Pi 

Pi 

P2 

Pi 

6 

Unit  4 

75 

Pi 

2 

0.25  Pi 

P2 

Pi 

7 

Unit  5 

75 

Pi 

Pi 

P2 

Pi 

8 

Unit  6 

75 

Pi 

Pi 

P2 

Pi 

9 

Unit  7 

75 

Pi 

Pi 

P2 

Pi 

10 

Unit  8 

75 

Pi 

Pi 

P2 

Pi 

11 

Unit  9 

75 

Pi 

Pi 

P2 

Pi 

12 

Unit  10 

75 

Pi 

Pi 

P2 

Pi 

Rate  of  sf 

jread   (chains): 

13 

Unit  1 

0 

Pi 

Pi 

P2 

P2 

14 

Unit  2 

0 

Pi 

Pi 

P2 

P2 

15 

Unit  3 

0 

Pi 

Pi 

P2 

P.2 

16 

Unit  4 

0 

Pi 

Pi 

P2 

P2 

17 

Unit  5 

0 

Pi 

Pi 

P2 

P2 

18 

Unit  6 

0 

Pi 

Pi 

P2 

P2 

19 

Unit  7 

0 

Pi 

Pi 

P2 

P2 

20 

Unit  8 

0 

Pi 

Pi 

P2 

P2 

21 

Unit  9 

0 

Pi 

Pi 

P2 

P2 

22 

Unit  10 

0 

Pi 

2 

4Pi 

P2 

P2 

Particulate   (pounds) 

: 

23 

Units  1- 

■3 

50 

000 

Pj 

Pi 

Pi 

P5 

24 

Units  4- 

-5 

60 

000 

P, 

P 

P 

P 

25 

Units  6- 

-8 

40 

000 

Pj 

P 

P 

P 

26 

Units  9- 
Soil   loss 

-10 
(tons): 

60 

000 

Pj 

p; 

Pi 

P5 

27 

Units  1- 

-3 

32 

P, 

Pi 

Pi 

P^ 

28 

Units  4- 

-5 

18 

P, 

p 

P 

P' 

29 

Units  6- 

-8 

47 

P, 

p. 

P 

P4 

30 

Units  9- 

-10 

30 

P^ 

p 

P 

P. 

^The  negative  and  positive  deviational   variables,  dj^  and  d|^,   represent  the  negative  and 
positive  deviations  from  each  goal   where  the  subscript  k  is  the  index  for  each  goal   number. 
^Each  priority  has   a  differential  weight  of  1   associated  with  it  except  as  shown  here. 
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The  optimal  prescription  of  treatments  for  trial  run  1   is 
reported  in  table  8.     The  corresponding  values  of  the  deviational 
variables  are  shown  in  table  9.     Observe  in  table  8  that  no  single 
residue  or   regeneration  treatment  is  prescribed  for  all  cutting  units. 
One  apparently  surprising  result  is  that,    although  broadcast  burning 
is  only  used  sparingly,    machine  piling  and  burning  is  prescribed  for 
each  of  the  six  cutting  units  where  it  is  a  feasible  alternative.     How- 
ever,   an  examination  of  the  goals  for  this  trial  run  indicates  that 
this  is  exactly  what  should  occur. 

Let's  consider  each  goal  separately  to  see  why  this  is  true. 
Goal  number  1   is  to  meet  as  closely  as  possible  the  residue  budget 
goal  which  would  be  specified  by  a  land  manager  as  a  realistic 
target.     Since  "no  treatment"  has  no  associated  costs,    treatment 
selection  should  only  be  from  those  alternatives  Avhich  do  have  costs. 
Broadcast  burning  all  316  acres  at  a  cost  of  $80  per  acre  would 
utilize  only  $25,  280  of  the  $50,  000  residue  budget.      Therefore,    it  is 
reasonable  that  more  costly  residue  treatments  likely  would  have 
been  prescribed  on  some  of  the  cutting  units,     A  reexamination  of 
table  2  shows  that  the  regeneration  success   ratios  for  machine  piling 
and  burning  dominate  those  for  broadcast  burning  as  well  as  hand 
piling  and  burning.      Similarly,    machine  piling  and  burning  results 
in  the  lowest  potential  rates  of  spread  (table  4), 

Table  8--0ptimat  treatments  for  trial  run  1.      Equal  priorities  and  weights 


Cutting 

unit 

number 

Treatment 

combination 

number 

Treatment 
description 

Proportion 
of  unit 

1 

5 

Broadcast  burn,   hand  plant 

1,000 

2 

8 
9 

Machine  pile  and  burn,   hand  plant 
Machine  pile  and  burn,  aerial    seed 

.500 
,500 

3 

8 
9 

Machine  pile  and  burn,   hand  plant 
Machine  pile  and  burn,  aerial   seed 

.500 
.500 

4 

8 
9 

Machine  pile  and  burn,   hand  plant 
Machine  pile  and  burn,  aerial   seed 

.500 
.500 

5 

5 

n 

Broadcast  burn,   hand  plant 
Hand  pile  and   burn,   hand  plant 

,566 
,434 

6 

8 

Machine  pile  and  burn,   hand  plant 

1,000 

7 

9 

Machine  pile  and  burn,  aerial   seed 

1.000 

8 

11 

Hand  pile  and  burn,   hand  plant 

1.000 

9 

8 

Machine  pile  and  burn,   hand  plant 

1.000 

10 

5 
6 

n 

Broadcast  burn,   hand  plant 
Broadcast  burn,  aerial    seed 
Hand  pile  and  burn,   hand  plant 

.631 
.324 
.045 
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The  particulate  matter  resulting  from  both  machine  piling  and 
burning  and  hand  piling  and  burning  is  identical,    and  both  produce 
less  particulate  matter  than  does  broadcast  burning  (table  5).     The 
only  case  where  machine  piling  and  burning  is  not  the  preferred 
treatment  is  when  soil  loss  is  considered  (table  6).     In  this  instance, 
hand  piling  and  burning  and  broadcast  burning  are  the  preferred  treat- 
ments.    However,    the  difference  between  treatments  is  not  enough 
to  offset  the  overall  superiority  of  machine  piling  and  burning  when 
measured  in  terms  of  the  other  goals. 

Another  result  revealed  in  table  8  is  the  prescription  of  multiple 
treatments  on  a  particular  cutting  unit.      Fractionalization  is  not 
desirable  but  is  unavoidable  if  goal  programing  is  used  to  solve  the 
stated  problem.      While  this  may  detract  somewhat  from  the  practical 
usefulness  of  goal  programing,    it  still  permits  the  use  of  the  tech- 
nique as  a  planning  tool  to  evaluate  the  impacts  of  various   residue 
treatments. 

Table  9  displays  the  results  of  trial  run  1   in  terms  of  goal 
attainment.     The  results  show  that  all  goals  cannot  be  achieved  if  a 
single  priority  is  specified  and  all  differential  weights  are  equal  to 
1.     In  particular,    the  regeneration  success  goals  for  cutting  units 
5-10  are  underachieved.     Also,    as  expected,    none  of  the  rate-of- 
spread  goals  are  achieved.     However,    the  minimum  possible  rates 
of  spread  are  achieved  for  all  but  cutting  units   5,    8,    and  10.     The 
particulate  emission  goals,    set  at  hypothetical  maximum  permissible 
levels,    were  met  or  exceeded  in  all  cases  (i.  e.  ,    there  was  under- 
achievement  of  each  of  the  goal  levels).     However,    none  of  the  soil 
loss  goals  were  held  within  their  hypothetical  maximum  permissible 
levels.      Lastly,    the  residue  and  regeneration  budgets  are  achieved 
exactly,    thus  resulting  in  completely  utilizing  both  budgets. 

Whether  the  goal  achievements  and  the  prescribed  treatments 
are  acceptable  is  a  matter  of  conjecture.      To  examine  this  question 
further,    it  was  decided  to  evaluate  the  sensitivity  of  the  optimal 
solution  to  changes  in  differential  weights  associated  with  selected 
deviational  variables  in  the  objective  function.     Accordingly,    a 
second  trial  run  was  formulated.     In  this  run,    it  was  assumed  that, 
if  possible,    the  rate  of  spread  on  cutting  unit  10  should  be  reduced 
to  8  chains  per  hour--the  minimum  for  the    unit.     In  an  effort  to 
achieve  this  rate-of- spread  goal,    a  differential  weight  of  4  was 
assigned  to  the  positive  deviational  variable  associated  with  goal 
number  22,     Further,    a  differential  weight  of  0.  25  was  assigned  to 
the  negative  deviational  variable  associated  with  the  regeneration 
success  ratio  goal  for   the  fourth  cutting  unit.      Thus,    attainment  of 
the  75-percent  regeneration  success  ratio  on  the  fourth  cutting  unit 
was  only  one-quarter  as  important  as  v/as  the  attainment  on  the 
other  nine  units.     All  other  differential  weights  were  set  to  unity,    and 
all  goals  were  given  equal  priority. 
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The  goal  structure  for  trial   run  2  is   summarized  in  table  7, 
and  the  optimal  treatment  prescriptions  are   shown  in  table  10.      The 
results  in  table  10  are  very  similar  to  those  of  the  first  trial  run. 
The  goal  attainment  for  run  Z  is  shown  in  table  9.     Of  particular 
interest  are  the  goal  achievement  levels  of  the  two  goals  whose 
corresponding  differential  weights  were  modified.     As  seen  in  table  9, 
the  regeneration  success  on  cutting  unit  4  was  underachieved  by  5 
percent  after  the  0.  25  differential  weight  was  assigned. 


Table   10 — Optimal  treatments  for  trial  run  2.      Equal  priorities  and  differential 
weights  with  two  exceptions:      (1)   the  differential  weight  for  the 
negative  deviational  variable  of  goal  6  is  0.  25;   and   (2)   the  differ- 
ential weight  for  the  positive  deviational  variable  for  goal   22  is  4 


Cutting 

unit 

number 


Treatment 

combination 

number 


Treatment 
description 


Proportion 
of  unit 


4 
5 

6 
7 

8 

9 

10 


5 
11 

8 

9 
12 

n 

8 

5 

6 


Broadcast  burn,   hand  plant  1.000 

Machine  pile  and  burn,   hand  plant  .500 

Machine  pile  and  burn,  aerial    seed  .500 

Machine  pile  and  burn,   hand  plant  .500 

Machine  pile  and  burn,  aerial    seed  .500 

Machine  pile  and  burn,  aerial    seed  1.000 

Broadcast  burn,   hand  plant  .566 

Hand  pile  and  burn,   hand  plant  .434 

Machine  pile  and  burn,  hand  plant  1.000 

Machine  pile  and  burn,  aerial   seed  .939 

Hand  pile  and  burn,  aerial    seed  .061 

Hand  pile  and  burn,   hand  plant  1.000 

Machine  pile  and  burn,   hand  plant  1.000 

Broadcast  burn,   hand  plant  .816 

Broadcast  burn,  aerial    seed  .184 


However,    unexpectedly,    the   regeneration  success  on  cutting 
unit  7  was  also  slightly  worse  than  in  trial  run  1.      Also,    the  rate  of 
spread  on  cutting  unit  10  was  reduced  to  a  minimum  of  8  chains  per 
hour  after  the  new  differential  weight  of  4  was  assigned.      However, 
the  rate  of  spread  on  cutting  unit  7  was   slightly  higher  than  in  run  1. 
Note  that  the  new  differential  weights  also  slightly  affected  the  attain- 
ment of  goals  12,    26,    29,    and  30. 


It  is  clear  that,    in  this  problem  formulation,    the  use  of  the  two 
differential  weights  does  not  significantly  affect  either  the  prescribed 
treatments   or  the  goal  attainment  levels.      This  does  not  come  as  a 
surprise  because  a  sensitivity  analysis  of  the  optimal  solution  to  run  1 
revealed  the  insensitivity  of  the  problem  to  perturbations  in  these  two 
differential  weights,    as  well  as  the  others.      However,    the  second  trial 
run  was  formulated  to  demonstrate  this  property. 

In  addition  to  allowing  the  inclusion  of  differential  weights  within 
a  given  priority  level,    goal  programing  is  also  capable  of  solving 
problems  involving  more  than  one  priority.      To  demonstrate  this 
powerful  feature,    two  additional  trial  runs  are  presented. 

For  trial  run  3,    highest  priority  was  assigned  to  the  two  environ- 
mental goals  (i.  e.  ,    soil  loss  and  particulate  emission).     Second  high- 
est priority  was  assigned  to  goals  for  rate  of  spread  and  regeneration 
success,    and  lowest  priority  was  assigned  to  the  two  budget  goals. 
The    optimal  treatment  prescriptions  for  trial  run  3  are  presented  in 
table  11.     As  expected,    in  an  effort  to  achieve  the  two  environmental 
goals,    no  residue  treatment  was  prescribed  for  a  portion  of  six  of  the 
cutting  units.      Also,    machine  piling  and  burning  was  prescribed  for 
only  one  unit.      Another  difference  between  runs   1    and  2  and  run   3  was 
that  hand  planting  was  prescribed  for  all  cutting    units. 

Table  }} --Optimal  treatments  for  trial  run  3.      Three  priorities 


Cutting 

unit 

number 


Treatment 

combination 

number 


Treatment 
description 


Proportion 
of  unit 


6 
7 

8 

9 

10 


5 
5 
2 

n 


2 
11 

8 

2 
11 

11 

2 

2 

11 


Broadcast  burn,  hand  plant  1.000 

Broadcast  burn,  hand  plant  1.000 

No  treatment,  hand  plant  .190 

Hand  pile  and  burn,  hand  plant  .810 

No  treatment,  hand  plant  1.000 

No  treatment,  hand  plant  .286 

Hand  pile  and  burn,  hand  plant  .714 

Machine  pile  and  burn,  hand  plant  1.000 

No  treatment,  hand  plant  .098 

Hand  pile  and  burn,  hand  plant  .902 

Hand  pile  and  burn,  hand  plant  1.000 

No  treatment,  hand  plant  1.000 

No  treatment,  hand  plant  .249 

Hand  pile  and  burn,  hand  plant  .751 
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The  most  interesting  difference  between  this   run  and  the 
previous  two  is  seen  in  table  9.     Recalling  that  highest  priority  was 
assigned  to  goals  23-30,    we  see  that  the   soil  loss  goals  were  achieved 
and  that  a  substantial  improvement  over  the  hypothetical  maximum 
tolerable  particulate  emission  was   realized.      These  environmental 
goals  were  achieved  at  the  expense  of  the  lower  priority  goals.      For 
instance,    the  goal  attainment  levels  for  priority-two  goals  were 
worse  for  a  majority  of  the  goals,    with  only  one  goal  showing  any 
improvement.      Last,    the  two  priority-three,    budget  goals  for  residue 
and  regeneration  were  both  overachie ved.     This  implies  that  the 
prescribed  optimal  treatments  cannot  be  undertaken  unless  additional 
funds  are  secured. 

Trial  run  3  demonstrates  the  importance  of  goal  priority 
specification  and  its  effect  on  the  recommended  course  of  action.      To 
further  illustrate  this  point,    a  fourth  trial  run  was  made. 

Trial  run  4  involved  five  priority  levels.      The  goals  and  their 
associated  goal  levels  are  shown  in  table  7.     The  goals  for  trial  run  4 
by  priority  were:     (1)   regeneration  success,    (2)   rate  of  spread,    (3) 
budget,    (4)  soil  loss,    and  (5)  particulate  emissions.      As  in  trial  run  3, 
all  differential  weights  within  a  given  priority  were  set  equal  to  1. 

The  optimal  treatment  prescriptions  for  trial  run  4  are  dis- 
played in  table  1  2.     As  expected,    machine  piling  and  burning  and 
broadcast  burning  are  the  preferred  treatments. 

The  goal  attainment  results   shown  in  table  9  reveal  that  all 
regeneration  success  goals  except  those  associated  with  cutting  units 
6  and  9  are  achieved.      Note,    however,    that  the  maximum  possible 
regeneration  success  for  both  units  is  64  percent.      Thus,    it  is 
impossible  to  achieve  the  75-percent    success  being  sought.      In  effect, 
then,    all  priority-one  goals  are  achieved.      The   second-priority  goals 
(i.  e.  ,    rate  of  spread)  are  also  achieved  as  fully  as  possible.      The 
residue  budget  goal  is  underachieved,    resulting  in  a  surplus  of  funds, 
while  the  regeneration  budget  is  overachieved,    resulting  in  an  over- 
commitment of  funds.     However,    there  is  a  net  surplus  of  unallocated 
funds.     The  four  soil  loss  goals  are  overachieved,    resulting  in  more 
than  the  theoretical  permissible  amount  of  soil  loss.      Last,    three  of 
the  particulate  emission  goals  are  underachieved,    while  one  is  over- 
achieved.      Thus,    in  three  of  four  cases,    the  prescribed  treatments 
will  produce  less  than  the  theoretical  maximum  tolerable  level  of 
emissions. 
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Table  }2--0ptimal  treatments  for  trial  run  4.     Five  priorities 


Cutting 

unit 

number 


Treatment 

combination 

number 


Treatment 
description 


Proportion 
of  unit 


5 
6 
7 

8 

9 

10 


8 
9 

8 
9 

8 
9 

5 

8 

8 

9 

5 
8 

5 


Broadcast  burn,  hand  pile 


Machine  pi 
Machine  pi 

Machine  pi 
Machine  pi 

Machine  pi 
Machine  pi 

Broadcast 

Machine  pi 

Machine  pi 
Machine  pi 

Broadcast 

Machine  pi 

Broadcast 


le  and  burn, 
le  and  burn, 

le  and  burn, 
le  and  burn, 

le  and  burn, 
le  and  burn, 

burn,  hand  pi 

le  and  burn, 

le  and  burn, 
le  and  burn, 

burn,   hand  pi 

le  and  burn, 

burn,  hand  pi 


1.000 


hand  plant 
aerial  seed 

.500 
.500 

hand  plant 
aerial  seed 

.500 
.500 

hand  plant 
aerial  seed 

.500 
.500 

ant 

1.000 

hand  plant 

1.000 

hand  plant 
aerial  seed 

.500 
.500 

ant 

1.000 

hand  plant 

1.000 

ant 

1.000 

CONCLUSIONS  AND  RECOMMENDATIONS 

The  principal  objective  of  this  paper  was  to  explore  the  poten- 
tial of  goal  programing  for  evaluating  forest  residue  treatment 
alternatives.     An  example  was  presented  to  highlight  selected  aspects 
of  this  evaluation. 


It  is  clear  that,    while  goal  programing  offers  considerable 
promise  as  an  operational  decisionmaking  tool,    it  is  by  no  means  a 
panacea  for  residue  treatment  selection.      Furthermore,    the  draw- 
backs discussed  below  are  in  no  way  unique  to  the  evaluation  of 
residue  treatment  alternatives.     In  fact,    these  same  dra'wbacks  are 
common  to  similar  forest  management  applications  of  goal  program- 
ing. 

The  implications  of  the  divisibility  and  additivity  assumptions 
of  goal  programing  were  demonstrated  by  the  illustrative   sample 
problem.     The  former  assumption   permits  a  cutting  unit  to  be 
treated  by  multiple  residue  and/or   regeneration  treatments.      For 
instance,    in  run  number  1,    two  residue  and  two  regeneration  treat- 
ments were  prescribed  for  cutting  unit  10  (table  8).      This  fraction- 
alization  might  cause  serious  problems  if  an  attempt  was  made  to 
implement  the  goal  programing  solution  in  a  real-world  environment. 
Additional  study  along  these  lines  is  warranted. 
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A  possible  solution  would  be  to  use  an  integer  linear  program- 
ing algorithm  to  solve  the  problem.      However,    since  no  integer  goal 
programing  algorithm  utilizing  an  ordinal  ranking  of  goals  currently 
is  available,    this  would  necessitate  assigning  a  set  of  numerical 
preemptive  priority  factors.^'     As  already  discussed,    this  defeats 
the  very  purpose  of  goal  programing. 

The  implications  of  the  additivity  assumption  were  also  high- 
lighted in  the  illustrative  sample  problem  by  the  introduction  of  the 
particulate  matter  and  soil  loss  goals.      Although  it  is  true  that 
simultaneously  burning  residue  on   several  units   results  in  a  cumula- 
tive particulate  emission  effect,    it  is   probably  incorrect  to  assume 
that  such  effects  are  additive.      This  also  applies  to  the   soil  loss  goals. 

Further,    if  the  cutting  units  are  burned  under  reasonable  atmos- 
pheric conditions  at  different  times,    there  probably  would  not  be  any 
significant  cumulative  effect.      Under  these  conditions,    it  maybe 
more  appropriate  to  establish  individual  emission  goals  for  each 
cutting  unit  rather  than  one  cumulative  goal  for  all  units.      These  two 
drawbacks  are  also  common  to  linear   programs. 

A  second  difficulty  encountered  in  using  goal  programing  lies  in 
goal   specification.      A  decisionmaker  or  analyst  planning  to  use  goal 
programing  must  be  very  precise  in  specifying  goal  attainment  levels 
and  priorities.      Optimal  solutions  under  certain  combinations  often 
produce     surprising   results    which  at  first  may  seem  incorrect.      How- 
ever,   it  is   usually  discovered  that  the  goals  were  either  misformulated 
or  inappropriately  weighted  or   ranked.      Although  the  precise  quantifi- 
cation of  goal  attainment  levels  and  priorities  is  listed  here  as  a 
drawback,    it  should  also  be  pointed  out  that  because  goal  programing 
can  accept  this  type  of  information,    it  is  also  one  of  the  strong  points 
of  the  technique. 

At  the  present  state  of  development,    it  is  difficult  or  impossible 
to  adequately  quantify  goals,    goal  attainment  levels,    or  goal  prefer- 
ences.     This  is  especially  true  if  they  are  interpreted  within  a  multiple 
use  planning  context.      For  example,    in  his  discussion  of  goals  and 
decisionmaking  in  the  U.S.    Forest  Service,    Alston  (1972)   states  that 
"...    priority  determination  must  become  an  explicit  as  well  as  an 
integral  part  of  the  planning  activity.  "     Alston  also  discusses  the 
importance  of  assigning  weights  to  the  various  goals.      As  previously 
presented,    goal  programing  can  accommodate  both  the  ordinal  ranking 
of  goals  and  the  cardinal  weighting  of  goals  as   specified  by  a  decision- 
maker.     The  fact  that  most  managers   currently  do  not  explicitly  rank 
or  weight  goals  is  not  very  surpirsing.      However,    to  make  maximum 
use  of  goal  programing,    it  is  clear  that  this  is  precisely  what  must  be 
done. 


8  / 

—     According  to  Lee,    an  integer  goal  programing  algorithm  utilizing  ordinal 

ranking  procedure  has  recently  been  developed. 
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Another  problem  associated  with  using  goal  programing  concerns 
the  dearth  of  information  needed  to  adequately  estimate  coefficients. 
While  this  difficulty  is  common  to  most  programing  analyses,    it  is 
one  which  seriously  limits  operational  usefulness.      Conversely,    how- 
ever,   the  use  of  programing  techniques  graphically  points  out  existing 
data  gaps.     Not  only  does  this  provide  management  with  an  assess- 
ment of  its  current  level  of  knowledge  and  understanding,    it  also 
accommodates  an  evaluation  of  the  degree  of  reliability  to  be  asso- 
ciated with  the  results  of  the  analysis. 

Last,    concern  over  computational  matters  encountered  in  using 
goal  programing  for  residue  treatment  evaluation  deserves  additional 
comment.      Because  goal  programing  permits  the  inclusion  of  a  variety 
of  functionals,    it  is   sometimes  difficult  to  decide  on  the  most  appro- 
priate form  for  any  given  problem.     This  was  illustrated  in  the 
sample  problem  presented  earlier.      Both  the  analyst  and  the  decision- 
maker must  be  very  careful  in  exploring  the  implications  of  alterna- 
tive functionals  before  committing  themselves. 

A  second  computational  limitation  is  that  Lee's  computer 
program  can  accommodate  only  relatively  small  problems.      For 
example,     in   the    sample    formulation    only  15   to  20  cutting  units 
could  be  included  in  an  analysis  of  residue  treatment  alternatives. 
Of  course,    Lee's  algorithm  could  be  reprogramed  to  handle  larger 
problems  or  use  could  be  made  of  regular  linear  programing  com- 
puter packages  which  easily  accommodate  much  larger  problems. 
However,    in  this  latter  case,    an  ordinal  ranking  of  goals  can  not  be 
accommodated. 

The  principal  recommendation  of  this  paper  is  that  goal  pro- 
graming be  further  evaluated  in  a  real-life  decisionmaking  environ- 
ment.    Only  in  this  way  can  a  more  realistic  decision  be  made 
concerning  the  usefulness  of  the  technique  for  evaluating  forest 
residue  reduction  treatments.     Specifically,    it  is  recommended 
that  the  next  step  be  to  work  with  the  staff  of  a  National  Forest  to 
structure  a  real-life  test  of  the  model  illustrated  in  this  paper. 
A  necessary  prerequisite  of  such  an  application  will  be  a  modifica- 
tion of  Lee's  computer  program  to  accommodate  larger  problems 
or  the  use  of  a  standard  linear  programing  package.     Additional 
investigation   is  required  before  a  choice  between  these  two  can  be 
recommended. 

Goal  programing  is  one  of  the  few  mathematical  programing 
techniques  which  offer  considerable  promise  as  an  aid  for  making 
operational  decisions  in  a  multiple  goal  context.      By  its  very  nature, 
it  appears  compatible  with  the  explicit  or  implicit  decisionmaking 
procedure  utilized  by  forest  managers.      Thus,    continued  research 
into  the  applicability  of  the  technique  is  recomnn.ended  at  this  time. 
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CONVERSION  FACTORS 

1  foot  =  0.  3048  meter 

1    surveyor's  chain  (66   feet)  =   20.1168  meters 

1    acre  =   0.4046856  hectare 

1   pound  =  0.453592  kilogram 

1    short  ton  (2,  000  pounds)    =   0.  907184  metric  ton 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 
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ABSTRACT 


In  forest  areas  where  high  soil  erosion 
potential  exists,  a  comparative  yarding  cost 
estimate,  including  the  indirect  costs  deter- 
mined by  methods  proposed  here,  shows  that 
the  total  cost  of  using  "advanced"  logging 
methods  may  be  less  than  that  of  "traditional" 
systems. 


INTRODUCTION 

The  harvesting  of  timber  in 
environmentally  sensitive  areas  of 
the  Pacific  Northwest  has  been  opposed 
in  recent  years  by  many  individuals 
interested  in  protecting  our  forest 
environment.   These  conservationists 
hold  a  popular  concept  that  timber 
harvest  causes  severe  damage  to  soils, 
stream  water  quality,  reforestation, 
and  wildlife  habitat.   These  fears  are 
not  irrational  because  severe  watershed 
damage  has  occurred,  but  a  disregard 
for  good  forest  environment  management 
is  not  a  general  practice  in  the  forest 
industry.   Basically,  it  is  not  the 
temporary  elimination  of  trees  in  a 
timber  harvest  operation  that  precipi- 
tates watershed  damage.   Severe  envi- 
ronmental damage  to  watersheds  is 
usually  the  result  of  improper  tech- 
niques used  in  the  removal  of  the 
harvest  trees. 

Dymess  (1967,  1972),  Wooldridge 
(1960),  Ruth  (1967),  and  Klock  (1975) 
have  shown  that  the  forest  industry 
presently  has  proven  methods  of 
removing  the  felled  trees  from  the 
forest  with  a  minimum  of  impact  on 
the  soil  and  vegetation  resource.   In 
enviroiunen tally  sensitive  areas  in 
Northwest  forest  lands,  proper  logging 
procedures  may  require  the  use  of  an 
"advanced"  logging  system  such  as 
skyline  or  helicopter  (Klock  1975) . 
Generally  the  system  involves  the 
aerial  movement  of  the  felled  tree  to 
a  landing  deck.   Since  more  energy  is 
expended  in  the  aerial  movement  of 
logs,  the  direct  yarding  cost  can  be 
expected  to  be  higher  than  with 
"traditional"  logging  systems  (tractor 
and  jammers) .   However,  the  expenditure 
of  additional  energy  for  yarding  may 
be  offset  by  less  energy  requirements 
for  road  construction,  road  maintenance, 
and  log  transportation. 


an  identifiable  timber  sale  for  each 
available  system  of  removing  the  fallen 
trees.   The  monetary  value  of  these 
potential  damages  could  be  charged  to 
each  logging  system  as  an  indirect  cost 
assessment  on  the  volxime  of  timber 
removed.   However,  this  method  should 
not  be  used  to  justify  destroying 
nonrenewable  natural  resources  because 
monetary  value  estimates  may  be  attached 
to  them. 

Indirect  costs  of  timber  removal 
are  difficult  to  determine  and  are 
therefore  rarely  estimated.—'  This 
paper  will  not  attempt  to  identify  all 
indirect  logging  costs,  nor  will  it 
show  a  complete  economic  analysis  of 
those  that  are  identified.   Because 
the  most  apparent  indirect  costs  are 
those  associated  with  erosion,  these 
are  ones  I  will  discuss. 

Once  eroded  soil  material  has  been 
transported  off  forest  slopes  and  enters 
a  stream  system,  the  effects  can  be 
measured  in  terms  of: 

(1)  loss  of  site  productivity 
(both  trees  and  understory 
vegetation) , 

(2)  sedimentation, 

(3)  water  quality  (domestic, 
esthetic,  and  irrigational) , 

(4)  fisheries  habitat  loss,  and 

(5)  increased  need  for  erosion 
seeding  and  control. 

By  developing  unit  cost  figures  for 
these  effects,  it  may  be  possible  to 
show  that  soil  loss  by  erosion  can  be 
a  long-term,  indirect  cost.   If  the 
erosion  costs  can  be  determined,  they 
should  be  added  to  the  direct  operational 
costs  when  systems  of  log  removal  for  a 
particular  forest  site  are  evaluated. 


Esthetics  alone  does  not  justify 
the  increased  cost  of  advanced  logging 
systems.   An  approach  to  determining 
the  operating  cost  differential  would 
be  to  estimate  the  potential  forest 
environment  damage  that  might  occur  on 


—  Don  Boyer.   Letter  to  the  record: 
watershed  protection  and  management  damage 
to  watershed  values.   May  13,  1971.   USDA 
Forest  Service,  Region  6,  Portland,  Oreg. 


BACKGROUND 

Hypothetical  indirect  cost  esti- 
mates from  soil  loss  could  be  developed 
for  most  forest  areas.   To  be  useful,  the 
degree  of  potential  erosion  which  may 
be  generated  by  each  proposed  logging 
system  must  be  estimated.   This  is  not 
an  easy  task,  and  more  extensive 
research  is  needed  to  predict  the 
erosion  potential  in  many  areas. 

In  the  postfire  salvage  logging 
operation  described  by  Klock  (1975) , 
the  impact  on  soils  and  vegetation  by 
five  logging  systems  was  evaluated. 
Both  "traditional"  and  "advanced" 
systems  of  tree  removal  were  reported 
for  three  watersheds  in  the  Entiat 
River  basin  of  north-central  Washington. 
This  area  is  characterized  by  steep  and 
rugged  relief  where  mean  slope  is  about 
50  percent  and  can  be  categorized  as 
an  environmentally  sensitive  area.   The 
base  rock  in  the  study  area  is  Mesozoic 
granodiorite  deeply  weathered  where 
exposed.   Soils  are  formed  from 
weathered  granodiorite  colluvium 
covered  by  volcanic  ash  and  pxanice. 
Nearly  all  forest  floor  litter  within 
the  study  area  had  been  destroyed  by 
fire;  thus  the  soil  surface  was  in  a 
more  sensitive  condition  for  disturb- 
ance by  logging.   After  these  soils 
were  disturbed  by  logging  they  became 
highly  susceptible  to  erosion  during 
the  high  snowmelt  period  and  the  high 
intensity  rainstorm  described  in 
Klock  (1975).   Habitat  types  affected 
by  the  vast  1970  wildfire  ranged  from 
the  Pinus  pondevosa/PuPshia/Agvopyron 
at  the  lower  elevation  to  Pseudotsuga 
menziesii/Calamagpostis  vubesoens   at 
higher  elevations  (Tiedemann  and 
Klock  1973) .   Snowbrush  ceanothus 
(Ceanothus  veZutinus   Dougl.)  was 
predominate  in  the  understory  cover. 

Volume  yields  are  relatively 
unknown  for  the  study  area,  but  It 
appears  the  undisturbed  forest  under 
present  management  levels  could  pro- 
duce in  one  rotation  of  approximately 
120  years,  6,000  board  feet  per  acre 
(35  m-'/ha)  on  the  steep  upper  slopes 


and  up  to  15,000  board  feet  per  acre 
(90  m3/ha)  on  the  more  fertile  valley 
lands .  An  average  volume  would  be 
about  8,600  board  feet  per  acre  (50  m^/ha 

A  replicated  greenhouse  biomass 
productivity  test  (bioassay)  of  the  soils 
from  the  slopes  of  the  experimental  area 
reflects  the  high  concentration  of  avail- 
able plant  nutrients  in  the  immediate 
soil  surface  (fig.  1).—'   Removal  of 
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Figure  1. — Potential  productivity  loss 
as  a  function  of  cumulative  surface 
soil  loss. 


—     G.    0.    Klock.      Unpublished  data  on 
file.   Pacific  Northwest   Forest   and  Range 
Experiment  Station,   Wenatchee,   Wash. 


1.2  Inches  (3  cm)  of  top soil  from  the 
effective  zone  of  rooting  in  the  soil 
profile  (1  foot)  without  consideration 
for  future  natural  nutrient  replace- 
ment resulted  in  an  80.5-percent 
reduction  in  the  short-term  biomass 
yield.   Thus,  figure  1  shows  that 
potential  forest  biomass  productivity 
could  be  reduced  strikingly  by  increased 
erosion  of  topsoil  within  the  experi- 
mental area. 

METHODS    OF    ESTIMATING 
INDIRECT    COST 

Enough  information  was  available 
from  the  study  area  to  test  the  pro- 
posed approach  to  estimating  indirect 
logging  costs  caused  by  accelerated 
erosion.   Indirect  costs  are  identi- 
fied as  onsite  and  downstream  damages. 

Ons  ite  Dam  age  s 

An  estimation  of  the  rate  of 
natural  nutrient  accumulation  is  one 
possible  approach  to  determining 
onsite  damages  due  to  biomass  pro- 
ductivity loss  from  an  increment  of 
soil  displacement  by  erosion.   Plant 
nutrients  of  particular  interest  would 
be  nitrogen,  phosphorus,  and  sulfur. 
In  the  study  area  ecosystem  it  appears 
that  symbiotic  nitrogen  fixation  and 
precipitation  would  not  be  expected 
to  exceed  5  pounds  of  nitrogen  per 
acre  (5.6  kg/ha)  annually  (Zavitkovski 
and  Newton  1968,  Tiedemann  and  Helvey 
1973).   Thus,  to  return  the  nitrogen 
level  to  a  preerosion  level  by  natural 
processes  after  serious  surface  soil 
loss  by  erosion  may  take  many  years. 
For  example,  to  accumulate  through 
symbiotic  fixation  and  precipitation 


enough  nitrogen  in  the  surface  1  inch 
(2.5  cm)  to  raise  the  total  nitrogen 
level  by  0.1  percent  may  take  several 
hundred  years.   The  replenishment  by 
natural  processes  of  phosphorus  and 
sulfur  lost  by  erosion  could  also  be 
expected  to  require  a  long  period  of 
time.   It  is  obvious  that  a  signifi- 
cant loss  of  soil  nutrients  by  serious 
surface  erosion,  particularly  from  a 
soil  profile  where  the  major  nutrient 
supply  is  very  close  to  the  surface 
(fig.  1),  could  have  a  major  influence 
in  reducing  future  timber  production. 
It  may  be  possible  to  calculate  dif- 
ferences in  productivity  and  relate 
this  to  income  at  the  time  of  the  next 
rotation  harvest.   However,  with  current 
discount  rates  of  7  to  10  percent, 
income  differences  due  to  different 
levels  of  productivity  would  be  negli- 
gible at  present  prices  for  a  rotation 
of  120  years.   Thus,  this  approach  to 
determining  onsite  damage  has  merit 
but  does  not  appear  feasible  under 
present  biologic  and  economic  constraints. 

Relevant  differences  in  damage  to 
onsite  productivity  due  to  various  logging 
methods  need  to  be  evaluated  in  terms 
of  present  values.   Another  approach 
to  determining  differential  onsite  damage 
cost  might  be  evaluating  the  cost  of 
chemical  replacements  for  the  lost  plant 
nutrients.   Use  of  logging  systems  that 
cause  more  extensive  soil  erosion  should 
have  a  higher  indirect  cost  due  to 
probable  reduction  in  future  biomass 
productivity  than  systems  with  a  low 
erosion  potential.   Indirect  cost  of 
probable  productivity  damage  due  to 
soil  nitrogen  loss  can  be  determined 
by  equation  1. 


Productivity  damage 
assessment 


area  X  erosion  depth  X  %   total  soil  N  X  A  X  B 
timber  volume  assessed 


(1) 


A  is  the  fertilizer  conversion  rate 
(100  pounds  of  nitrogen  per  100  pounds 
of  fertilizer)  and  B  is  the  cost  of 
fertilizer  plus  application  (dollars 
per  pound  per  unit  area) .   The  use  of 
ammonium  phosphate  sulfate  for  cost 
calculation  purposes  should  fulfill 
both  the  plant  phosphorus  and  sulfur 
as  well  as  nitrogen  requirements  and 
would  have  a  conversion  rate  of  6.5. 

A  representative  soil  total 
nitrogen  level  distribution  as  a 
function  of  depth  within  the  soil 
profile  for  the  study  area  is  shown 
in  figure  2.   Using  these  soil  nitrogen 
levels,  along  with  the  total  nutrient 
application  costs  shown  in  figure  3 
(Perkins  and  others  1971),  the  dollar 
assessment  per  1,000  board  feet  for 
incremental  soil  loss  can  be  calculated 
by  equation  1  and  is  shown  in  figure  4. 
Thus,  1  inch  of  soil  loss  by  erosion 
could  result  in  a  productivity  damage 
assessment  at  present  prices  of  about 
$13  per  1,000  board  feet  harvested  in 
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Figure  2. — Representative   depth  distributii 
of  total   soil  nitrogen  for   the  study  arei 
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Figure   3. — Amendment   application   cost   for   the  study   area.      Fer- 
tilizer costs  were  calculated  at   $100  per   ton  and  aerial   appli- 
cation costs  were  obtained  from  a  helicopter  fertilization 
program  described  by   Perkins   and  others    (1971) . 


Figure   4. — Indirect  logging  assess- 
ments for  possible  onsite  damage 
due   to  cumulative  soil  loss  by 
accelerated  soil   erosion   after 
fire. 
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the  study  area.   This  assessment  could 
be  larger  on  a  more  fertile  soil.   I 
believe  this  cost  assessment  is  very 
conservative,  particularly  with  respect 
to  the  rapidly  advancing  value  of  our 
forest  soil  resource  as  well  as  increas- 
ing energy  cost  for  chemical  amendments , 
Although  I  have  used  chemical  amend- 
ments to  calculate  productivity  damage 
values,  their  field  use  in  this  manner 
as  an  alternative  for  good  forest  soil 
management  is  not  recommended. 

Downstream    Damages 

Cost  estimates  of  downstream 
damages  due  to  erosion  from  logged 
areas,  such  as  sedimentation  and 
deterioration  of  water  quality  and 
fisheries  habitat,  are  difficult  to 
determine.   These  costs  must  be  con- 
sidered on  an  individual  study  basis 
because  the  use  of  water  and  value 
of  the  fisheries  vary  widely  from 
area  to  area.   Upper  values  of  stream- 
beds  for  salmon  spawning  have  been 
estimated  to  range  from  $10,000  per 
acre  ($24,700/ha)  on  Lost  Creek, 
Willamette  National  Forest,  to  $3.2 


million  per  acre  ($7.9  million/ha)  at 
the  Fraser  River,  British  Columbia, 
Canada. J.'   Numbers  of  salmon  spawning 
in  the  Entiat  River  below  the  study 
area  watersheds  appear  to  be  similar 
to  or  slightly  below  those  reported 
for  Lost  Creek.   Deterioration  in  water 
quality  and  damaged  salmon  spawning 
beds  by  soil  erosion  from  the  study 
area  are  evident  in  the  Entiat  River. 
However,  other  erosion  losses  from 
fire-affected  watersheds  outside  the 
study  area  make  estimates  of  damages 
to  fisheries  by  each  system  of  logging 
impossible. 

The  only  downstream  damages  for 
which  cost  estimates  as  a  function  of 
soil  loss  appear  to  be  readily  available 
for  assessing  against  timber  harvest 
in  the  study  area  are  those  due  to 
reservoir  sedimentation. 

Sediment  removal  costs  are  available 
from  reservoir  sediment  removal  projects. 


3/ 

—  R.  W.  Phillips.   Fishery  resource 

considerations  on  western  forest  lands. 

Forest-Fisheries  Habitat  Seminar,  Feb.  17, 

1970,  Reedsport,  Oreg. 


Cost  of  sediment  removal  will  range 
from  $0.25  per  cubic  yard  ($0.33/m3) 
for  dredging  to  as  much  as  $18.30 
($24.00/m3)  or  more  where  specific 
placement  of  sediment  is  involved. 
Since  sediment  removal  costs  are 
not  available  for  the  hydroelectric 
storage  reservoirs  below  the  study 
area,  I  will  assume  an  approximate 
average  cost  of  $4  per  cubic  yard 
($5.25/m-^)  for  sediment  removal. 
This  average  cost  may  be  quite 
conservative,  particularly  in  areas 
where  the  current  energy  crisis 
increases  the  necessity  and  value 
of  water  in  reservoir  storage. 


No  exact  average  depth  of  soil 
loss  can  be  measured  for  the  various 
timber  harvest  techniques  used  in 
the  study  area.   I  used  a  rough 
estimate  of  soil  loss  (Klock  1975)  to 
develop  a  first  approximation  of  total 
indirect  costs  with  equations  1  and  2 
for  comparison  of  possibly  more  realistic 
long-term  cost  of  timber  harvest  by  the 
various  techniques  in  the  study  area. 
The  results  are  shown  in  table  1. 

In  table  1  the  harvested  timber 
has  been  assessed  some  of  the  indirect 
costs  created  by  soil  erosion  in  the 
study  area.   In  this  case,  several 


Equation  2  provides  the 
incremental  sedimentation  cost. 

„  ,.    ^  ^.  ^   area  X  erosion  depth  X  removal  cost 

Sedimentation  assessment  =  ^  .  ^ r^- ; 

timber  volume  assessed 


(2) 


Equation  2  shows  that  an  average  1 
surface  inch  of  soil  loss  will  create 
a  sedimentation  assessment  of  $62.53 
per  1,000  board  feet  of  saw  logs, 
based  on  a  sediment  removal  cost  of 
$4  per  cubic  yard  in  the  study  area. 

I  have  attempted  to  estimate  only 
costs  of  erosion  due  to  yarding. 
Fredriksen  (1970)  has  shown  that 
timber  harvest  roads  in  western  Oregon 
can  cause  an  increase  in  stream  load 
sediment  in  the  first  year  of  up  to 
12.5  tons  per  acre.   In  another  study 
(Klock  1975) ,  I  found  the  combination 
of  cable  skidding  and  tractor  yarding 
resulted  in  12  percent  more  spur  roads 
than  did  the  combination  of  helicopter 
and  tractor  yarding.   This  increase 
in  roads  certainly  demonstrates  the 
potentially  higher  reservoir  sedi- 
mentation cost  of  traditional  yarding, 
compared  with  advanced  logging  systems. 

TOTAL    INDIRECT    COST 

By  combining  the  onsite  and 
downstream  damages  in  terms  of  costs 
as  a  function  of  soil  loss  by  erosion, 
I  developed  a  first  approximation  of 
the  total  indirect  cost  assessment 
that  could  be  made  against  the  timber 
harvested  within  the  study  area  in 
1972  (fig.  5). 
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Figure  5. — Total   indirect   logging  assessmeil 
for  onsite  and  downstream  damages  due  to\ 
cumulative  soil   loss  by  accelerated  eros:n 
after  fire. 
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Table   l--Some  aost  estimates  of  tree  removal  per  1,000  board  feet  of  merahantable   lumber 
for  several  yarding  systems  used  in  the  fire-affeated  study  area 


System 


Erosion 


Direct  cost- 


Indirect  assessment 


Productivity       Sedimentation 


Total   "cost' 


Tractor,  slopes 

0- 

30% 

Inches 
0.20 

34.85 

3.30 

Dollars 

12.50 

50.65 

Tractor,  slopes 

30 

-50% 

.80 

34.85 

10.60 

50.00 

95.45 

Tractor   (over  snow 

), 

slopes  0-40% 

.08 

38.60 

1.50 

5.00 

45.10 

Cable  skidding 

1.50 

35.00 

17.00 

93.80 

145.80 

Skyline   (Wyssen 

.04 

52.73 

.80 

2.52 

56.05 

Helicopter 

.04 

74.98 

.80 

2.52 

78.30 

—    Cost  figures  are  for  timber  delivered  at  the  mill    for  each  yarding  method  used  in  the 
study  area  and  were  provided  by  Pack-River  Lumber  Company,  Peshastin,  Wash. 


traditional  systems  of  harvest  (tractor 
over  steep,  bare  ground  and  cable 
skidding)  were  higher  in  total  cost 
than  the  advanced  systems  (skyline 
and  helicopter) .   Tractor  logging 
over  snow  appears  to  have  the  lowest 
total  unit  cost  and  is  considered  an 
environmentally  acceptable  method  of 
yarding  in  the  study  area. 

It  should  again  be  pointed  out 
that  these  yarding  cost  contrasts 
were  developed  where  (1)  the  environ- 
mentally sensitive  study  area  was  in 
a  fire  salvage  sale,  (2)  the  study 
area  was  severely  stressed  by  unpre- 
dictable climatic  events,  (3)  once  a 
particle  of  eroded  soil  enters  a 
stream  system  it  will  be  impounded 
in  a  reservoir,  (4)  several  assumptions 
and  estimates  were  used  in  the  models, 
and  (5)  other  indirect  costs  such  as 
deterioration  of  water  quality  and 
fish  habitat  and  the  detrimental  effect 
of  sediment  from  the  road  system  were 
not  included.   These  cost  comparisons 
must  be  considered  as  first  approxi- 
mations. 


Some  of  the  indirect  logging  cost 
estimates  in  table  1  also  include  erosion 
damages  as  the  result  of  fire  by  itself. 
Therefore  the  suggested  analyses  method 
used  here  does  cause  a  relatively  small 
error  (up  to  $2-$3  per  1,000  board  feet). 
This  overestimate  of  the  indirect  cost 
caused  by  insufficient  information  on 
erosion  levels  as  a  result  of  fire  alone 
appears  most  noticeable  for  advanced 
logging  methods  used  on  steep  slopes. 
Linear  programing,  as  well  as  other 
useful  tools  of  economic  analysis,  was 
not  considered  in  this  approach  to 
estimating  indirect  cost.   However, 
table  1  basically  showed  that  it  may 
have  been  more  reasonable  on  a  long-term 
cost  basis  to  harvest  with  an  advanced 
logging  system  instead  of  the  cable 
skidding  and  tractor  systems  in  some 
parts  of  the  study  area.  This  observa- 
tion is  reached  without  determining 
any  cost  to  deterioration  in  esthetic 
values  which  may  also  be  important  in 
tPiis  example. 


SUMMARY  tional  yarding  systems  at  some  locations, 

An  example  of  the  possible  cost  advan- 

„    ,   .   ,      .           ^  t age  of  using  an  advanced  system  is 

Hypothetical  erosxon  assessment  °       ^           %•            i              ^  j 

^^-T    -     ,   ,    ,_    ,^  given  for  a  fire  salvage  study  area 

models  have  been  developed  for  deter-  ,    ^t  j  j   in   ,  /inTc\ 

.  .         ^  ,      .     3  J    ^  described  in  Klock  (1975). 
mining  some  of  the  onsite  and  downstream 

damage  possible  by  logging   By  using  ^^^  ^^^^^  suggested  hypothetical 

the  soil  erosion  potential  for  several       ,  ,         ,    Z     ■,      c  ^  ■ 

^  .  ,  .  models  are  used  as  tools  for  making 

yarding  systems  to  determine  the  erosion      .      ^   ^■^  ^i-iij 

•'  o     J  ,,.-.      ^  environmentally  acceptable  land  manage- 

assessments,  total  relative  logging  costs     ^jj-     ^u^-j   ^     i 

,    *        ,      -,     J   mt  -  ment  decisions,  the  cost  advantage  of 
for  each  system  may  be  evaluated.   This      .     ,     ,  ^         i  ^  u  • 

■^   ,  ,  -^    ,     ,       .  using  advanced  tree  removal  techniques 
evaluation  method  may  show  that  environ-       ^         . j  ^  j  c 

,  .         ,  ,    ^     r  inay  be  more  evident  in  many  areas  of 

mentally  acceptable  advanced  systems  of  ^  c  ^ 

-    J.      ■,  -,  ^  -,    ^T.   ..   jj  our  western  forests, 

of  yarding  could  cost  less  than  tradi- 
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Abstract 

Describes  a  computer  simulation  model  for  evaluating 
logging  residue  handling  systems.  The  flow  of  resources 
is  traced  through  a  prespecified  combination  of  operations 
including:  yarding,  chipping,  sorting,  loading,  trans- 
porting, and  unloading.  The  model  was  used  to  evaluate 
the  feasibility  of  converting  logging  residues  to  chips 
that  could  be  used,  for  example,  to  generate  electrical 
power.  Empirical  results  obtained  for  two  processing 
schemes  are  reported. 
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Introduction 

Many  segments  of  society  are  concerned  over  the  large  quantities  of 
wood  residues  generated  by  logging  operations  in  the  Pacific  Coast  States 
and  across  the  Nation,   Forest  management  and  logging  operations  are 
cpnservatively  estimated  to  produce  9.6  billion  cubic  feet  of  residues 
annually  (USDA  Forest  Service  1972). 1/   In  Washington,  Oregon,  and 
California,  logging  residues  over  4  inches  in  diameter  and  over  4  feet 
long  resulting  from  timber  harvesting  are  estimated  to  exceed  1.1  billion 
cubic  feet  annually  (Howard  1973) . 

Forest  residues  encompass  a  wide  range  of  materials  remaining  after 
logging  operations  or  road  construction.   Tops,  limbs,  splintered  and 
rotten  logs,  bark,  and  stump-root  systems  predominate.  The  quantity  of 
residue  in  any  one  of  these  forms  is  changing  rapidly  and  likely  will 
continue  to  do  so.  Two  major  factors  are  responsible:  (1)  rapidly 
changing  utilization  standards  and  (2)  harvesting  of  younger  stands. 
Due  to  the  size  of  capital  investments,  steps  taken  today  to  increase 
the  level  of  residue  utilization  must  be  designed  in  such  a  way  as  to 
be  compatible  with  the  character  of  residues  available  in  the  future. 
Biomass  information  on  forest  stands,  coupled  with  predictions  of 
changing  utilization  standards,  gives  some  indication  of  the  quantities 
and  types  of  residues  that  will  be  produced  in  the  future. 

Irrespective  of  the  type  of  material  marketed,  the  central  problem 
is  one  of  devising  processing  schemes  which  minimize  production  costs. 
The  term  "processing,"  as  used  herein,  includes  all  steps  that  must  be 
taken  to  convert  residues  to  a  basic  forest  product;  i.e.,  all  forms 
of  manufacturing,  handling,  transporting,  and  storing.   With  few  excep- 
tions, the  basic  products  which  can  be  produced  from  residues  have  low 
market  value.   Consequently,  a  careful  examination  of  all  possible 
processing  schemes  for  minimizing  the  cost  of  production  must  be 
undertaken.  Minimization  of  production  costs,  in  turn,  depends  on 
full  use  of  labor  and  machines.   Because  of  the  critical  nature  of  this 
aspect  of  the  problem,  the  approach  reported  herein  should  have  wide 
applicability  for  other  wood  conversion  problems.   It  must  be  remembered, 
however,  that  production  costs  are  only  a  portion  of  the  total  cost 
structure.  Although  not  dealt  with  here,  environmental  costs  should 
be  considered. 

The  work  reported  in  this  paper  was  conducted  in  cooperation  with 
the  Forest  Residues  Program  (FRP)  of  the  Pacific  Northwest  Forest  and 
Range  Experiment  Station.  The  research  objective  of  the  FRP  is  to 
develop,  test,  and  evaluate  ways  to  reduce  accumulations  of  forest 
residues  to  maintain  the  productivity  and  quality  of  the  forest  environ- 
ment.  Our  study  relates  to  the  FRP  goal  of  promoting  increased  utili- 
zation of  wood  fiber  and  the  energy  contained  in  forest  residues.  The 
focus  for  the  study  was  the  Estacada  and  Clackamas  Ranger  Districts  of 
the  Mount  Hood  National  Forest  in  Oregon.  Many  of  the  data  used  in  the 
study  were  obtained  from  these  two  districts. 


1/ 
factors , 


U.S.  units  are  used  in  this  report;  see  appendix  for  conversion 


The  study,  designated  "Residues  for  Power"  (REPO) ,  was  initiated  to 
obtain  results  which  could  be  used  as  an  aid  in  determining  the  feasibility 
of  utilizing  forest  residues  to  generate  electrical  power  (Grantham  et  al. 
1974).   Our  primary  objective  was  to  develop  a  computer  simulation  model 
for  describing  the  flow  of  residues  from  the  forest  to  a  hypothetical 
power  generation  facility.  The  model  traces  the  flow  of  forest  residues 
through  a  prespecified  combination  of  operations  including:  yarding  or 
skidding,  loading,  transporting,  unloading,  sorting,  and  chipping.  All 
operations  can  be  linked  together  in  nijmerous  combinations.   Rate  functions 
associated  with  each  of  the  operations  govern  the  flow  of  residues.   The 
model  terminates  with  the  delivery  of  chips  to  the  hypothetical  power 
generation  site. 

Since  the  simulation  model  was  designed  for  the  overall  function  of 
materials  handling,  it  can  be  used  to  analyze  a  wide  variety  of  wood 
utilization  problems.   As  an  example,  the  model  could  be  modified  for 
use  as  a  timber  harvesting  and  transportation  simulator.  This  particular 
application  has  been  studied  by  the  Canadian  Department  of  the  Environ- 
ment using  a  similar  but  different  materials  handling  system  (Newnham 
1972a,  1972b).   Other  publications  on  harvesting  simulation  models  are 
noted  in  the  Literature  Cited  section  of  this  paper  (Biller  and  Johnson 
1973,  Corcoran  1973,  Johnson  and  Biller  1974,  Johnson  et  al.  1972, 
Martin  1975,  Sammis  and  Corcoran  1974,  Sama  and  Corcoran  1973,  Schmidt 
1970,  Seppala  1971,  Sinner  1973,  Webster  1975). 

To  permit  analysis  of  the  many  possible  equipment  configurations, 
maximum  flexibility  was  an  important  design  criterion.  When  one  recog- 
nizes the  many  forms  in  which  residues  exist,  the  extensive  area  over 
which  they  are  distributed,  and  the  number  of  methods  available  for 
handling,  converting,  and  transporting  them,  one  sees  that  many  configu- 
rations are  possible.   Only  two  materials  handling  configurations  are 
illustrated  in  this  paper.  However,  the  potential  for  using  the  model 
for  other  applications  should  be  readily  apparent. 

General  Description  of  t/ie  l\/lodel 

The  model  consists  of  three  components:  (1)  operations,  (2)  stores, 
and  (3)  decisions,  which  are  arranged  serially  to  permit  the  processing 
of  residues  from  a  logging  site  to  a  point  of  utilization.  Stores,      ^  ^ 
which  appear  between  operations,  reflect  the  level  of  wood  residues  in 
inventory.  The  level  of  a  store  indicates  the  backlog  of  residues 
developing  between  two  operations.   Different  equipment  configurations 
directly  influence  the  rate  functions  for  an  operation  and,  hence,  the 
level  of  wood  residue  in  a  store  at  any  time. 

In  contrast  to  stores,  each  operation  is  characterized  by  a  rate 
function  which  determines  the  rate  at  which  residues  are  moved  from 
one  store  to  another.   In  the  models  devised  for  residue  processing, 
yarding,  chipping,  sorting,  loading,  transporting,  and  unloading  are 
designated  as  operations.  Each  of  these  operations  will  frequently 
be  made  up  of  a  set  of  characteristic  activities.  The  activities,  in 
turn,  are  modeled  by  a  combination  of  several  probability  distribution 
functions.   Consequently,  the  model  can  best  be  described  as  a  compart- 
ment model  made  up  of  stochastic  rate  functions. 


REPO  is  designed  to  simulate  any  of  the  sequences  of  operations 
depicted  in  figure  1.   In  this  figure,  the  three  components  are  repre- 
sented symbolically  as: 


(1)  operations  -(    J 

(2)  stores  or  compartments  - |    | 

(3)  decisions  - /\ 


Closer  inspection  of  figure  1  indicates  that  REPO  encompasses  six 
basic  operations:  yarding,  chipping,  sorting,  loading,  transporting, 
and  unloading.   Only  one  of  these,  chipping,  involves  the  conversion  of 
wood  from  one  form  to  another. 

Either  of  two  types  of  yarding,  cable  or  tractor  skidding,  can  be 
included  in  the  model.   In  our  model,  both  cable  and  tractor  logging  are 
made  up  of  the  usual  set  of  characteristic  activities:  outhaul ,  choking, 
inhaul,  and  unhooking.   Consequently,  several  types  of  cable  logging 
(i.e.,  high- lead  and  skyline)  and  tractor  logging  with  either  crawler  or 
four-wheel  skidders  can  be  represented. 

Chipping  converts  raw  residue  to  chipped  form.   Because  of  the 
rapidity  and  integrated  character  of  this  operation,  designation  of  any 
of  its  component  activities  was  considered  unnecessary. 

Sorting  of  residues  can  be  accomplished  at  any  one  of  several 
locations,  including  the  landing,  sorting  yard,  or  the  point  of  utili- 
zation.  Sorting  can  be  accomplished  with  several  machines  including 
the  common  log  loader,  as  well  as  a  vehicle  equipped  with  a  front-end 
lift.  Depending  on  the  number  of  sortings  undertaken  at  a  particular 
location,  sorting  can  be  made  up  of  a  few  to  many  separate  activities. 

Sometimes  the  three  remaining  operations--loading,  transporting, 
and  unloading- -are  lumped  together;  because  of  real  and  anticipated 
equipment  interactions  in  other  operations,  they  are  recognized  sepa- 
rately in  REPO. 

Loading  is  normally  accomplished  with  a  hydraulic  log  loader 
equipped  with  a  grapple  or  an  older  cable- operated  loader  equipped 
with  tongs.   Because  the  loading  operation  is  cyclic  and  rapid,  knowledge 
of  its  component  activities  is  usually  unnecessary. 

In  the  transporting  operation,  the  model  will  accommodate  the 
movement  of  residue  in  raw  material  form  as  well  as  in  chipped  form. 
Transporting  is  accomplished  with  any  one  of  three  types  of  trucks: 
(1)  log  trucks,  (2)  open  gondola  trucks,  and  (3)  chip  vans.   Normally, 
transporting  requires  the  introduction  of  several  component  activities. 
At  a  minimum,  the  different  rates  of  truck  movement  over  the  various 
types  of  roads  encountered  in  a  given  geographic  area  are  needed. 

Unloading  is  normally  accomplished  with  a  single  item  of  equipment. 
Irrespective  of  the  type  of  equipment,  the  total  operation  is  usually  of 
such  a  continuous  nature  that  knowledge  of  component  activities  is 
unnecessary.   Several  types  of  unloading  systems,  each  with  its  peculiar 


Figure  1. — Flow  chart  of  REPO,    flow  diagram  branches  A,   B,   and  C. 
(     J-  operations;       \~~ ]-  stores  or  compartments;       /  \-   decisions. 


Stations 

0  =  cutting  unit 

1  =  landing 

2  =  residue  processing  site  on  forest 

3  =  power  generation  site  on  forest 

4  =  residue  processing  and  power  generation  site  off  forest 

Symbol  definitions 

R  =  residue  LCH  =  load  chipper 

SR  =  sorted  residue  U. . .  =  unload...  (where...  is  some  product) 

CH  =  chip  RTS  =  yard  with  rubber-tired  skidder 

5  =  sort  CT  =  yard  with  crawler  tractor 
T  =  transport  HL  =  yard  with  high- lead 

LT  =  load  for  transport  Y  =  yard 


Figure   1. — Continued. 


LT 


1-4  or  2-4   /  \  1-3  or  2-3 


T 


1-2 


UR 


UR 


UR 


LCH 


V 

R,   2 

X 

V 

f    CH      ) 

j=2 

V 

; 

CH,  4 

^ 

LCH 


CH 


Figure    1. — Continued. 


LT 


^     1-4  or  2-4  /       \    1-3  or  2-3 


1-: 


UCH 


2-4 


CH,   3 


Figure  1. — Continued. 


LT 


^  1-4  or  2-4     /   \1-3  or  2-3 ^ 


USR 


USR 


USR 


LCH 


CH 


SR,  2 


I 


j  =  2 


LCH 


CH 


characteristics,  may  be  required  to  acconvmodate  the  various  types  of 
trucks  incorporated  in  a  complex  model. 

Simulation  models,  such  as  REPO,  which  consist  of  a  series  of 
operations  through  which  material  is  processed,  require  two  basic  types 
of  accounting  for  their  operation.   One  accounting  system  encompasses 
the  total  elapsed  time  of  a  normal  workday--say  8  or  9  hours.   A  second 
accounting  system  is  required  to  monitor  the  quantity  of  material  proc- 
essed through  each  operation.   Combination  of  the  two  establishes  the 
rate  of  production  of  each  operation.   Both  accounting  systems  are 
fundamental  to  the  fiinctioning  of  such  simulation  models. 

Many  subdivisions  of  a  workday  are  normally  required  to  account  for 
elapsed  time.   We  prefer  to  adopt  two  all-inclusive  categories:  (1)  pro- 
ductive and  (2)  unproductive  or  lost  time.  Productive  time  is  time 
during  which  material  is  actively  processed.   It  is  made  up  entirely  of 
the  cycle  times  of  the  operations  included  in  the  model.  Unproductive 
or  lost  time  is  time  during  which  material  is  not  actively  being  processed. 
Subdivisions  of  unproductive  time,  outlined  below,  are  highly  desirable 
in  most  simulation  models. 

Each  operation  is  characterized  by  a  basic  cycle  time  required  for 
its  completion.  The  cycle  is  repeated  many  times  during  a  normal  workday 
and  is  interrupted  only  by  actions  resulting  in  lost  time.   As  indicated 
earlier,  subdividing  the  cycle  time  into  two  or  more  parts  which  we  have 
defined  as  activities  is  sometimes  advantageous.  This  type  of  subdivision 
is  particularly  appropriate  if  the  activity  can  be  clearly  identified 
and  is  of  sufficient  duration  to  justify  a  separate  designation.   Sub- 
division of  the  yarding  cycle  into  outhaul,  choking,  inhaul,  and  unhook- 
ing is  commonly  used  and  can  be  highly  desirable  in  some  models.  However, 
a  breakdown  of  some  operations  into  component  activities  may  introduce 
additional  and  unneeded  complexity. 

Irrespective  of  the  particular  operation,  repeated  measurements  of 
a  basic  cycle  are  necessary  to  obtain  a  measure  of  its  mean  value  and  of 
the  dispersion  about  the  mean  value.  A  theoretical  distribution  for  the 
cycle  time  of  a  high- lead  yarder  is  shown  in  figure  2.  Note  that,  in 


Figure  2. — Theoretical  prob- 
ability  distribution  of 
cycle   time  for  a   typical 
high-lead  relogging 
operation   for  distances 
ranging  from  101    to 
200  feet. 
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this  particular  example,  the  yarding  cycle  time  is  described  by  a  gamma 
probability  distribution.   The  mean  yarding  cycle  time  is  3.73  minutes, 
and  the  standard  deviation  is  1.52  minutes.   This  particular  type  of 
distribution,  typical  of  many  high-lead  operations,  encompasses  yarding 
distances  ranging  from  101  to  200  feet. 

The  productive  cycles  of  each  operation  are  interrupted  by  unpro- 
ductive or  lost  time;  and  our  experience  suggests  five  broad  categories: 
(1)  machine  warmup  time,  (2)  crew  rest  time,  (3)  operational  delays, 
(4)  equipment  relocation,  and  (5)  lost  time  due  to  equipment  breakdown 
(downtime) .   Our  grouping  of  unproductive  time  is  reasonably  consistent 
with  that  of  others  reported  in  the  literature.   Clearly,  each  category 
can  be  further  divided  just  as  cycle  time  can  be  subdivided  into  various 
activities . 

Operational  delays  are  particularly  important  examples  of  unpro- 
ductive time  for  which  subdivisions  may  be  important.   For  example, 
several  kinds  of  delays  occur  during  yarding;  certain  ones  may  be 
associated  with  outhaul,  choking,  inhaul,  or  unhooking  activities. 
Finally,  just  as  cycle  time  is  represented  by  a  distribution  of  times,  any 
one  of  the  categories  and  subcategories  of  unproductive  time  is  also 
characterized  by  a  mean  value  and  a  distribution.  The  shapes  of  these 
distributions  are  strongly  influenced  by  the  frequency  with  which  a 
particular  category  of  unproductive  time  occurs  in  a  given  operation. 

In  addition  to  an  accounting  system  for  the  elapsed  time  of  a 
workday,  an  accounting  must  be  kept  of  the  quantity  of  material  processed. 
For  most  operations,  a  quantity  will  be  associated  with  each  of  the 
repeated  basic  operating  cycles.   For  example,  during  yarding,  a  certain 
number  of  logs  of  a  range  of  sizes  is  transferred  to  the  landing  on 
completion  of  the  cycle.   Because  both  size  and  number  of  logs  to  be 
choked  vary  from  cycle  to  cycle,  the  quantity  of  material  processed 
during  a  cycle  is  variable  and  is  represented  by  a  distribution. 

In  siommary,  simulations  of  the  type  represented  by  REPO  require  an 
accounting  of  both  productive  (cycle)  and  unproductive  (lost)  time  and 
the  quantity  of  material  processed  during  the  productive  time.   Both 
accounting  systems  require  the  use  of  a  number  of  distribution  functions 
to  realistically  account  for  inherent  variability.   Precision  is  incor- 
porated into  models  of  this  type  by  allowance  for  as  many  sources  of 
variation  as  possible 

Operational  Characteristics  of  REPO 

REPO  was  designed  to  permit  an  analyst  to  alter  the  sequence,  type, 
and  number  of  operations  to  be  evaluated  in  any  one  simulation  run.   In 
its  present  form,  REPO  permits  the  evaluation  of  any  combination  of 
operations  displayed  in  figure  1.  The  sequence  and  type  of  operations 
to  be  evaluated  must  be  specified  as  well  as  the  relationships  between 
operations.   Lastly,  the  activities  into  which  each  operation  is  to  be 
divided  must  be  identified.   Obviously,  the  exact  number  of  activities 
identified  for  a  particular  operation  will  vary  greatly  between  users. 
This  flexible  model  structure  was  implemented  on  the  computer  with  the 
SIMCOMP  preprocessor,  a  brief  discussion  of  which  follows  this  section. 
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REPO  operates  as  a  fixed  time  increment  simulator,  with  each  9-hour 
workday  corresponding  to  one  time  increment.  During  each  day  of  simulated 
activity,  REPO  serially  calculates  the  rate  at  which  residues  will  be 
processed  from  one  compartment  (store)  to  another.   Both  the  fixed  time 
increment  and  serial  character  of  REPO  have  important  ramifications. 
For  example,  the  fixed  time  character  does  not  permit  REPO  to  track  the 
occurrence  of  a  machine  breakdown  within  a  given  time  period.   Because 
of  this  characteristic,  REPO  does  not  account  for  interactions  between 
dependent  operations  within  a  time  period.   However,  the  model  does 
account  for  interactions  between  time  periods.   Further,  because  of  the 
serial  character  of  REPO,  during  any  time  period,  the  last  operation  in 
a  given  processing  sequence  is  not  simulated  until  all  preceding  opera- 
tions have  been  simulated.  Thus,  if  the  last  operation  in  a  processing 
sequence  suffers  a  machine  breakdown,  it  will  have  no  effect  on  previous 
operations  during  the  same  time  increment.  Maximum  limits  can  be  set 
for  each  store  to  partially  circumvent  the  impact  of  this  characteristic. 
These  limits  would  have  to  be  carefully  determined  so  as  not  to  overcon- 
strain  any  operation. 

A  snapshot  of  the  system  at  any  time  reveals  the  amount  of  residue 
in  various  stores  in  the  system.   At  the  conclusion  of  a  computer  run  of 
130  simulated  workdays  (i.e.,  6  months),  tabular  and  graphical  output 
reveals  the  total  amount  of  residue  processed,  the  amount  of  residue 
remaining  in  the  system  in  various  stores,  and  an  evaluation  of  equipment 
efficiency. 

To  understand  how  REPO  determines  the  amount  of  forest  residue  to 
be  processed  during  each  simulated  day,  consider  this  example  involving 
the  loading  operation:   First,  each  workday  (one  time  unit)  of  540 
minutes  is  reduced  by  subtracting  the  unproductive  time  expected  that 
day.   In  general,  this  is  accomplished  by  sampling  from  distributions 
representing  the  various  categories  of  unproductive  time  such  as  machine 
warmup,  crew  rest,  operational  delays,  and  equipment  breakdowns.   In  the 
current  version  of  REPO,  construction  of  separate  distributions  for  each 
of  the  above  categories  is  not  possible  because  of  a  lack  of  data. 
Instead,  each  workday  is  reduced  by  a  constant  15  percent  to  account  for 
machine  warmup,  crew  rest,  and  operational  delays.  The  amoimt  of  unpro- 
ductive time  due  to  equipment  downtime  is  then  subtracted;  this  unproduc- 
tive time  is  estimated  from  a  distribution  representing  the  number  of 
machine  breakdowns  expected  that  day.   If  none  are  expected,  the  machine 
begins  to  load  residue.   If,  however,  a  breakdown  is  indicated,  a  sample 
is  drawn  from  the  distribution  function  representing  the  length  of 
downtime  for  loaders.  This  downtime  further  reduces  the  productivity 
of  the  loader  on  that  day. 

After  unproductive  time  is  determined,  the  simulator  samples  from 
the  distribution  function  representing  the  cycle  time  for  loaders.   Next, 
another  distribution  function  is  sampled  to  determine  the  number  of 
pieces  to  be  loaded  during  the  cycle.  A  check  is  made  during  each  cycle 
to  determine  if  the  productive  time  available  for  loading  has  elapsed 
or  if  another  cycle  can  be  completed.   Similarly,  a  check  is  made 
during  each  cycle  to  determine  if  any  residue  is  available  for  loading 
or  if  the  loader  should  be  moved  to  the  next  landing.   If  no  residue 
exists,  the  machine  either  is  idle  or  is  moved  to  another  landing.   In 
the  latter  case,  additional  unproductive  time  occurs  during  the  machine 
relocation  process. 
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REPO  simulates  the  relogging  of  forest  residues  in  a  given  region 
by  sequencing  through  a  list  of  available  cutting  units.   Each  cutting 
unit  is  further  divided  into  a  number  of  settings.  An  assumed  road 
network  consisting  of  spur,  main  line,  and  State  highways  interconnects 
the  various  cutting  units. 

A  series  of  attributes  describing  each  cutting  unit  is  generated 
from  distribution  functions  empirically  constructed  to  represent  data 
from  a  particular  area  or  region.  These  attributes  are: 

1.  Average  slope  yarding  or  skidding  distance  per  setting 

2.  Area  of  a  setting 

3.  Number  of  settings  per  cutting  unit 

4.  Average  slope  per  setting 

5.  Area  of  a  cutting  unit. 

Three  additional  distribution  functions  are  used  to  assign  road  charac- 
teristics for  each  cutting  unit.  Distribution  functions  are  used  to 
generate  the  mileage  for: 

1 .  Spur  roads 

2.  Main  line  haul  roads  , 

3.  State  highways. 

These  mileages  permit  the  model  to  account  for  travel  time  to  and  from 
each  cutting  unit  at  varying  rates  of  speed.  However,  they  do  not 
permit  the  spatial  location  of  cutting  imits  on  a  Cartesian  coordinate 
system. 

The  residue  on  each  cutting  unit  is  characterized  by  the  gross  and 
net  cubic-foot  volumes  and  the  number  of  pieces  of  residue  per  acre  by 
diameter  and  length  classes.  The  total  volume  to  be  relogged  is  deter- 
mined from  the  minimum  and  maximum  diameter  and  length  classes  of  pieces 
to  be  relogged,  the  average  volume  per  piece,  and  the  total  number  of 
pieces  per  acre. 

All  volume  production  figures  in  REPO  are  given  in  cubic  feet  of 
solid  wood.  These  relationships  can  be  used  for  other  units  of  measure: 
1  unit  of  chips  -  200  cubic  feet  of  wood  chips  =  80  cubic  feet  of  solid 
wood  =  1  cord  -  2  green  tons  or  1  air-dry  ton. 

Although  REPO  was  designed  to  be  as  flexible  as  possible,  certain 
limiting  assumptions  were  necessary.   For  example,  REPO  permits,  at  most, 
two  transport  operations  between  the  logging  site  and  the  point  of  final 
utilization.   Second,  only  one  yarder  is  permitted  per  setting  and  only 
one  setting  can  be  actively  relogged  at  a  time.  Third,  except  for  the 
first  day  of  simulated  activity,  all  trucks  are  assumed  to  originate  and 
terminate  their  daily  activities  at  a  source  of  residue  awaiting  transport, 
Essentially,  this  implies  that  trucks  are  not  dispatched  unless  a  round 
trip  can  be  completed  between  the  origin  and  the  destination  before  the 
end  of  a  workday.   Fourth,  cutting  units  are  assumed  to  be  clustered  in 
groups  of  six  so  that  the  movement  of  equipment  over  State  highways  is 
only  required  every  sixth  unit.   Lastly,  REPO  was  designed  to  permit  the 
evaluation  of  on-forest  as  well  as  off-forest  locations  of  residue  proc- 
essing and  power  generation  sites.  As  shown  in  figure  1,  two  on-forest 
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sites  (stations  2  and  3)  or  one  off-forest  location  (station  4)  is  per- 
mitted.  Further,  any  one  of  six  possible  locations  is  allowed  for 
stations  2  or  3,  but  only  one  location  for  the  off- forest  site  is 
permitted. 

Programing  Language 

The  SIMCOMP  programing  language  was  used  to  translate  the  symbolic 
representation  of  REPO  into  the  computerized  version.   SIMCOMP  is  a 
machine -dependent  simulation  language  written  at  Colorado  State  University 
for  the  CDC  6400  computer  (Gxistafson  and  Innis  1972).   The  language  is 
designed  for  compartment -oriented  simulation  models.   Programing  in 
SIMCOMP  requires  an  understanding  of  the  FORTRAN  IV  language,  since  the 
SIMCOIP  compiler  creates  a  FORTRAN  program  which  is  compiled  by  the  CDC 
Extended  FORTRAN  compiler. 

SIMCOMP  programs  are  divided  into  two  sections--source  program  and 
data.  The  source  program  contains  SIMCOMP  directives  and  FORTRAN  state- 
ments and  subprograms.  The  data  section  contains  initial  values  for  all 
parameters  and  compartments .  Varying  the  sequence  of  the  various 
subprograms,  each  representing  an  operation,  makes  possible  design  of 
unique  residue  handling  systems.  The  subprograms  are  invariant  with 
respect  to  these  different  configurations. 

SIMCOMP  was  selected  as  the  programing  language  because  of  the 
automatic  and  flexible  handling  of  the  timing  mechanism,  the  ease  of 
obtaining  graphical  and  tabular  output,  and  the  capability  of  examining 
other  materials  handling  systems.   However,  computing  costs  with  SIMCOMP 
are  quite  high.   Furthermore,  the  language  is  machine  dependent  and  has 
received  limited  distribution  to  date. 

Illustrative  Case  Study 

The  following  example  illustrates  the  potential  utility  of  REPO  for 
evaluating  two  sequences  of  operations  for  disposing  of  forest  residues. 
The  physical  setting  for  this  problem  is  the  Estacada  and  Clackamas 
Ranger  Districts  of  the  Mount  Hood  National  Forest.  These  two  Districts, 
located  southeast  of  the  city  of  Portland,  have  a  common  boundary--the 
Clackamas  River.  The  various  operations  included  in  the  alternatives 
presented  below  are  designed  to  occur  on  either  of  the  Districts  or  at 
some  point  along  the  State  highway  which  roughly  parallels  the  Clackamas 
River.   Further,  all  residue  is  assumed  to  be  transported  over  this 
State  highway  to  the  town  of  Estacada.  From  there,  it  is  transported 
to  Portland--a  distance  of  30  miles. 

REPO  does  not  spatially  locate  cutting  units  on  a  Cartesian  coor- 
dinate System.   Instead,  probability  distributions  characterizing  the 
mileages  over  which  residue  is  transported  from  each  cutting  unit  to 
Portland  are  utilized.  These  distributions,  indicated  in  table  1,  were 
derived  from  data  provided  by  Ranger  District  personnel.  Mileage  was 
obtained  from  these  distributions  which,  when  multiplied  by  the  appro- 
priate travel  rates,  provided  the  total  round  trip  travel  time  from  each 
cutting  unit  to  Portland. 

With  data  supplied  by  Ranger  District  personnel,  distributions  were 


13 


Table  \- -Probability  distributions  in  residues  for  pouer   (REPO) 


Item 


Equipment 


Type 
distribution 


Mean 


Average  slope 
yarding  distance  (ft) 

Average  slope 
yarding  distance  (ft) 

Number  of  settings 
per  cutting  unit 

Area  of  settings  (acres) 

Average  slope  per 
setting  (percent) 

Spur  road  distance  (mi) 

Main  line  haul  road 
distance  (mi) 

State  highway  distance  (mi) 

Cable  yarding,  time  per 
turn   (min): 

0-100  feet 
101-200  " 
201-300  " 
301-400  " 
401-500  " 
501-600  " 
601-700     " 

Number  of  logs   per  turn 

Number  of  breakdowns   per  day 

Length  of  each 
breakdown  (min) 

Tractor  yarding: 
Number  of  breakdowns  per  day 

Length  of  each 
breakdown   (min) 

Number  of  logs  per  turn 

Loading: 
Cycle  time 
(min) 

Number  of   logs 
loaded  per  cycle 

Number  of  breakdowns 
per  day 

Length  of  each 
breakdown   (min) 

Transport: 
Number  of  breakdowns 
per  day 


Length  of  each 
breakdown   (min) 

Unloading  and  sorting: 
Unloading  cycle  time 
(mi  n) 

Sorting  cycle  time 
(min) 

Number  of  logs 
per  cycle 

Number  of  breakdowns 
per  day 

Length  of  each  breakdown 
(min) 

Chipping: 

Number  of  breakdowns 
per  day 

Length  of  each  breakdown 
(min) 


Cable 

Gamma 

K=10 

A=0.02 

500.00 

Tractor 

Gamma 

K=13 

A=0.04 

325.00 

Cable 

Gamma 

K=6 

A=2.5 

2.40 

Tractor 

Uniform 

a-0 

b=5 

2.50 

Cable 

Gamma 

K=4 

A=0.29 

13.79 

Tractor 

Gamma 

K=2 

A=0.29 

6.90 

-- 

Gamma 

K=3 

A=0.11 

27.27 

-- 

Exponential 

- 

X=6.67 

.15 

-- 

Normal 

X=12.54 

s=4.137 

12.54 

— 

Normal 

)(=29.9 

s=10.1 

29.90 

Cable 

Gamma 

K=4 

A=1.46 

2.74 

Gamma 

K=6 

A=1.61 

3.73 

Gamma 

K=8 

A=2.10 

3.81 

Gamna 

K=6 

A=1.53 

3.92 

Gamna 

K=13 

A=2.11 

6.16 

Gamma 

K=5 

A=0.78 

5.41 

Gannia 

K=4 

A=0.59 

6.78 

Cable 

Normal 

X  =  3 

s=0.67 

3.00 

Cable 

Gamma 

K=4 

A=1.75 

2.29 

Cable 

Exponential 

- 

A=0. 03333 

30.00 

Tractor 

Gamma 

K=l 

A=l 

1.0 

Tractor 
Tractor 

Grapple 
loader 

Grapple 
loader 

Grapple 
loader 

Grapple 
loader 

Log  truck 
or 
chip  van 

Log  truck 
or 
chip  van 

Front-end 
loader 

Front-end 
loader 

Front-end 
loader 

Front-end 
loader 

Front-end 
loader 


Chipper 
Chipper 


Exponential 
Gamma  K=5 

Gamma  K=3 

Gamma  K=7 

Gamma  K=4 
Exponential 

Exponential 

Exponential 

Normal  X=120 

Gamma  K=19 

Normal  X=7 

Gamma  K=l 
Exponential 

Gamma        K=3 
Exponential 


A=0. 01818  55.00 

A=1.16  4.31 

A=0.05  60.00 

A=5.93  1.18 

A=3.74  1.07 

>=0. 01538  65.00 


X=2.0 


.50 


\=0. 02222  45.00 

s=30  120.00 

A=3.65  5.21 

s=2.5  7.00 

A=1.0  1.00 

x=0. 01818  55.00 

A=0.05  60.00 

A=0.50  2.00 


See  appendix  for  a  description  of  these  parameters. 
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generated  for  average  slope  yarding  (skidding)  distance  per  setting, 
number  of  settings  per  cutting  unit,  acreage  of  each  setting,  and  average 
slope  of  the  cutting  unit  (table  1). 

The  per-acre  volume  of  residues  on  each  cutting  iinit  was  generated 
from  data  supplied  by  Ranger  District  personnel.  These  data  were  estimated 
by  the  line  intersect  method  of  measuring  forest  residues  on  12  cutting 
units  of  the  Clackamas  and  Estacada  Ranger  Districts.   The  units  were 
measured  during  the  summer  of  1972.   Gross  and  net  volumes  by  diameter 
and  length  classes,  gross  and  net  volumes  by  species  composition,  and 
number  of  pieces  per  acre  by  diameter  and  length  classes  were  determined 
from  the  line  intersect  measurement  data. 

Distribution  functions  for  each  operation  incorporated  in  the  two 
processing  schemes  had  to  be  developed  in  addition  to  distribution 
functions  characterizing  the  cutting  units  and  the  road  network.  As 
discussed  earlier,  distributions  were  used  to  represent  machine  cycle 
times  and  rates  of  productivity  as  well  as  the  unproductive  time  due 
to  machine  breakdowns.  The  following  discussion  reviews  the  development 
of  all  distributions  in  both  models. 

SAMPLE  MODEL  CONFIGURATIONS 

Two  versions  of  REPO,  Models  I  and  II,  were  designed  to  evaluate 
the  two  processing  schemes.  Model  I  consists  of  the  following  operations: 

1.  Yarding  or  skidding 

2.  Loading  (chipper) 

3.  Chipping  (at  landing) 

4.  Transporting  chips  from  the  landing  to  Portland 

5.  Unloading. 

The  more  complex  Model  II  consists  of  these  operations: 

1.  Yarding  or  skidding 

2.  Loading  (raw  residue) 

3.  Transporting  raw  residue  from  the  landing  to  an  on- forest 
residue  processing  facility 

4.  Unloading 

5.  Sorting 

6.  Transporting  (within  sorting  yard) 

7.  Loading  (chipper) 

8.  Chipping  (at  residue  processing  facility) 

9.  Transporting  chips  from  the  residue  processing  facility 
to  Portland 

10.   Unloading. 

Figure  1  indicates  that  these  models  are  just  two  of  many  that  can 
be  developed  within  the  framework  of  REPO.   There  is  no  assurance  that 
either  of  these  models  will  lead  to  the  least-cost  production  of  chips. 
To  date,  no  attempt  has  been  made  to  use  REPO  to  identify  the  least-cost 
processing  scheme. 

Six  locations  for  the  on-forest  residue  processing  and  power  genera- 
tion sites  were  permitted  in  the  general  formulation.   In  the  empirical 
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results  reported  later  for  Model  II,  the  on-£orest  residue  processing 
facility  was  assumed  to  be  located  at  Three  Lynx,  Oregon,  one  of  the 
six  possible  locations.  The  permanent  off- forest  residue  processing 
and  power  generation  facility  was  assumed  to  be  in  Portland. 

Yarding. --The   cable  yarding  operation,  relogging  with  a  high-lead, 
consisted  of  four  activities- -outhaul,  choking,  inhaul ,  and  unhooking. 
Cycle  times  for  each  activity  were  treated  solely  as  a  function  of 
average  slope  yarding  distance.   From  Adams'  (1965)  data,  seven  distri- 
butions of  yarding  time  were  derived  by  100-foot  increments  of  average 
slope  yarding  distance.  These  distributions  were  characterized  by 
gamma  functions,  the  constants  for  which  are  listed  in  table  1.  Mean 
yarding  times  of  the  seven  distributions  ranged  from  2.74  to  6.78 
minutes.  The  distribution  function  used  to  represent  the  number  of  logs 
yarded  per  cycle  is  also  listed  in  table  1. 

Lost  time  due  to  equipment  breakdown  was  represented  by  a  combination 
of  a  gamma  function  for  the  number  of  breakdowns  per  day  and  an  exponential 
function  for  the  length  of  each  breakdown  (table  1) .  Unproductive  time 
due  to  crew  rest,  machine  warmup,  and  operational  delays  was  incorporated 
by  reducing  each  workday  of  540  minutes  by  10  percent.   Only  one  cable 
yarding  system  was  allowed  per  setting. 

A  fixed  time  of  17  minutes  was  allowed  for  changing  cable  roads  on 
a  setting,  and  72  minutes  was  allowed  for  changing  the  setting  on  a 
given  cutting  unit.   In  general,  cutting  units  on  the  two  Ranger  Districts 
were  clustered  in  groups  of  six.  Consequently,  after  six  cutting  units 
were  yarded,  the  model  required  moving  of  the  yarder.  To  simulate 
typical  relocation  of  equipment,  a  moving  distance  equal  to  twice  the 
length  of  the  main  line  haul  road  plus  15  miles  of  State  highway  was 
used  in  the  model.  The  rate  of  travel  was  set  at  6  minutes  per  mile. 

The  tractor  yarding  operation  also  was  composed  of  four  activities-- 
outrun,  choker  setting,  skidding,  and  unhooking.  However,  because  of 
the  characteristics  of  the  available  raw  data,  a  distribution  of  cycle 
times  for  tractor  yarding  could  not  be  constructed.  Rather,  for  tractor 
logging,  the  regression  equations  reported  by  Adams  (1967)  had  to  be 
adjusted.  The  equations  summarized  the  best  available  data  at  the  time 
the  study  was  undertaken.  These  equations  and  the  standard  errors  of 
estimate  incorporated  into  REPO  are  listed  in  the  tabulation  below. 
Any  number  of  tractors  of  either  the  crawler  or  four-wheel  skidder 
variety  was  permitted  on  a  setting. 

Unproductive  time  due  to  crew  rest,  operational  delays,  and  warmup 
for  tractors  was  assiomed  to  be  10  percent  of  the  workday.   Downtime 
characteristics  for  the  tractor  were  represented  by  two  distribution 
functions--one  for  the  number  of  breakdowns  per  day  and  a  second  for 
length  of  downtime.  The  characteristic  parameters  of  these  distri- 
butions are  listed  in  table  1.   The  distribution  function  representing 
the  number  of  logs  per  turn  also  is  contained  in  table  1.  The  time  to 
move  equipment  from  one  setting  to  another  was  fixed  at  30  minutes. 
All  equipment  was  moved  to  a  new  cutting  unit  upon  completion  of  yarding 
of  six  cutting  units.  The  distance  of  move  was  computed  with  the  same 
assumptions  as  for  the  cable  yarding  system.  Travel  time-  was  set  at 
4  minutes  per  mile. 
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The  regression  equations  used  for  simulation  of  tractor  yarding  are: 


Activity 

1.  Outrun  time  (rain) 

a.  Crawler 

b.  Four-wheel  skidder 

2.  Choker-set  time  (min) 

a.  Crawler 

b.  Four-wheel  skidder 

3.  Skid  time  (min) 

a.  Crawler 

b.  Four-wheel  skidder 

4.  Unhooking  (min) 

a.  Crawler 

b.  Four-wheel  skidder 
where: 


Regression  equation 

1.341+0. 004136 (AVYD) 
0.8534+0.002951 (AVYD) 


- 1 . 084+2 . 65 (NOLOGS) -0 . 004776 (NOLOGS) 
(NOPS/AC)+0. 00004951 (NOPS/AC) 2 

1.23+0. 6952 (NOLOGS) +0 . 002431 (NOLOGS) 
(NOPS/AC) 


1.22+0.005771 (AVYD) 

-0.08486+0. 003425 (AVYD) -0.000001057 
(AVYD) 2+0 . 009834 (AVOL/LOG) (NOLOGS) 


0 .5228+0 . 009761 (NOLOGS) (AVOL/LOG) 
1.054+0. 2627 (NOLOGS) 


AVYD     =  Average  slope  yarding  distance  in  feet 

NOLOGS   =  Number  of  logs  per  cycle 

NOPS/AC  =  Number  of  pieces  of  residue  per  acre  to  be  skidded 

AVOL/LOG  =  Average  cubic- foot  volume  per  piece 

Activity  Standard  error  of  estimate  (min) 


Crawler 

Four- 

-wheel  skidder 

Outrun  time 

1.39203 

1.2863 

Choker- set  time 

4.1397 

2.6771 

Skid  time 

1.96476 

1.1729 

Unhook  and  deck  time 

1.6652 

.8794 

Log  hauling. --Log   hauling  consists  of  three  basic  operations--loading, 
transport,  and  unloading.   Loading  in  the  model  is  accomplished  with  a 
hydraulic  grapple  loader.  Two  distribution  functions  were  required  to 
characterize  the  rate  of  loading--one  for  cycle  time  and  a  second  for 
the  number  of  pieces  loaded  per  cycle.   As  with  the  yarding  operation, 
two  distribution  functions  were  required  to  represent  equipment  downtimes. 
Each  workday  was  reduced  by  a  constant  15  percent  for  equipment  warmup, 
crew  rest,  and  operational  delays.  All  the  distributions  used  for 
loading  are  listed  in  table  1.  At  least  two  grapple  loaders  are  required 
at  station  1,  2,  or  3  if  both  sorting  and  chipping  or  sorting  and 
loading  for  transport  are  performed. 

A  time  of  30  minutes  was  allowed  for  moving  the  loader  between 
landings.  The  distance  between  clusters  of  cutting  xinits  was  computed 
in  the  same  manner  as  for  cable  yarding  equipment.  Travel  time  was 
computed  at  4  minutes  per  mile. 
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Unloading  of  log  trucks  was  accomplished  with  a  four-wheeled  front-end 
loader  having  a  capacity  of  about  50  tons.  The  characteristic  constants 
of  the  distributions  used  to  represent  the  cycle  time,  number  of  logs  per 
cycle,  and  equipment  breakdown  are  listed  in  table  1.   Each  workday  was 
reduced  10  percent  for  machine  warmup,  crew  rest,  and  operational  delays. 
The  time  required  to  unload  a  chip  van  by  hydraulic  lift  was  assumed  to 
be  a  constant  17  minutes.   In  Model  II,  the  front-end  loader  located  at 
station  2  unloads  trucks  and  transports  residue  in  the  sorting  yard. 
First  priority  is  given  to  the  unloading  operation. 

Sorting. --In   Model  II,  sorting  of  the  residues  takes  place  at  station 
2.   This  operation,  of  course,  requires  a  sorting  yard  large  enough  to 
handle  the  volume  of  material  being  processed.   Sorting  is  accomplished 
with  a  hydraulic  grapple  loader  for  segregating  the  material  into  two  or 
more  grades  and  a  front-end  loader  for  transporting  the  material  across 
the  sorting  yard.  The  characteristics  of  the  grappler  loader  used  for 
sorting  are  identical  to  those  described  earlier.   The  front-end  loader 
used  for  transporting  material  across  the  yard  is  identical  to  that  used 
for  unloading  logs.   The  distribution  functions  for  sorting  cycle  time 
and  the  number  of  logs  unloaded  per  cycle  are  shown  in  table  1. 

Chipping.-- A   portable  chipper  with  a  nominal  production  rate  of 
1,200  cubic  feet  of  solid  wood  per  hour  was  used  in  both  models.   Downtime 
characteristics  were  represented  by  the  two  distribution  fiinctions  listed 
in  table  1.   Each  workday  was  reduced  by  15  percent  for  equipment  warmup, 
crew  rest,  and  operational  delays.   If  chipping  was  completed  at  the 
landing,  45  minutes  were  allowed  for  moving  the  chipper  between  settings. 
Distances  were  computed  in  the  same  manner  as  for  cable  yarding  equip- 
ment.  A  rate  of  6  minutes  per  mile  was  allowed  for  computing  total 
travel  time.  No  lost  time  for  moving  was  recorded  for  a  chipper  stationed 
at  a  sorting  station  as  in  Model  II. 

RESULTS  OF  THE  SIMULATION 

The  distribution  functions  contained  in  table  1  were  incorporated 
into  the  computer  version  of  REPO  where  they  were  used  to  simulate  6 
months  of  yarding  and  processing  residues.   In  addition  to  the  informa- 
tion presented  above,  it  was  also  necessary  to  indicate: 


1 .  Number  of  pieces  of  equipment  to  be  evaluated  on  any  given 
run  of  the  simulator 

2.  Cost  of  operating  equipment 

3.  Labor  costs 

4.  Minimum  and  maximum  diameter  and  length  classes  of  pieces 
to  be  processed 

5.  Maximum  allowable  spur  and  main  line  haul  road  distances 

6.  Maximum  slope  on  which  tractors  could  safely  operate 

7.  Type  of  skidders  (i.e.,  four-wheel  or  crawler)  and  trucks 
(i.e.,  log  or  chip  van)  to  be  evaluated. 


The  equipment  configurations  evaluated  in  Models  I  and  II  are: 

Model  I   Model  II  Model  I 


Yarder  1 

Four-wheel  skidder  2 

Grapple  loaders  1 

Front- end  loaders  0 


1  Chippers  1 

2  Chip  vans  2 
4  Log  trucks  0 
2 


Model  II 

1 
2 
2 


Table  2  indicates  the  machine  and  labor  costs  associated  with  each 
model.   All  costs  were  taken  from  BLM  schedule  18  (Bureau  of  Land 
Management  1973)  except  those  reported  for  log  trucks,  chip  vans,  and 
chippers.  These  latter  costs  were  derived  from  personal  communication 
with  various  logging  superintendents. 


Table  2 — Equipment  and  labor  costs  in  residues  for  power 
(REPO),  Models  I  and  II 


Ooeration 

Model 
Number 

Per  hour  costs 

Equipment 

Labor 

Total 

-  -  -  -  Dollars  - 



Yardingi-^ 

I  and  II 

17.62 

33.59 

51.21 

Skidding^'' 

I  and  II 

11.46 

22.62 

34.08 

Grapple  loader 

I 

4.17 

9.32 

13.49 

Grapple  loader 

II 

16.68 

37.28 

53.96 

Chipper-^ 

I  and  II 

15.41 

— 

15.41 

Front-end 
loaderl' 

II 

11.46 

15.80 

27.26 

Log  truck-'' 

II 

16.40 

13.24 

29.64 

Chip  van5/ 

I  and  II 

16.40 

13.24 

29.64 

—  Yarding  equipment  consisted  of  a  high-lead  mobile 
yarder  operated  by  a  crew  of  4. 

2/ 

—  Skidding  was  performed  by  a  4-wheeled  rubber-tired 

skidder  ($5.73/h)  operated  by  a  tractor  operator  ($7.90/h) 
plus  1  laborer  ($6.82/h). 

3/ 

—  Chipping  equipment  consisted  of  a  portable  chipper 

operated  by  loader  operator. 

4/ 

—  Front-end  loader  equipment  rate  was  same  as  that 

for  rubber-tired  skidder   ($5.73/h).     Operator  rate  was 
$7.90/h. 

5/ 

—  Equipment  rates  for  both  log  trucks  and  chip  vans 

were  assumed  equal  ($8.20/h)  with  labor  rates  of  $6.62/h. 


In  both  Models  I  and  II,  cutting  units  with  slopes  of  less  than  or 
equal  to  15  percent  were  yarded  by  four-wheel  skidder.   Also,  pieces 
with  diameters  of  0  to  36+  inches  and  lengths  of  4  to  20+  feet  were 
assumed  to  be  yarded  to  the  landing.   Spur  roads  over  one-half  mile 
and  main  line  haul  roads  over  20  miles  long  were  not  permitted  in  the 
mode  1 , 

For  an  evaluation  of  the  performance  and  sensitivity  of  REPO,  both 
Models  I  and  II  were  replicated  five  times.   These  replications  were 
necessary  because  of  the  probabilistic  nature  of  REPO  and  were  performed 
by  reinitializing  the  pseudorandom  number  generator  before  each  simulation 
run.  However,  no  attempt  was  made  to  determine  whether  five  replications 
represented  an  adequate  sample  size.   The  results  of  one  of  these 
replications  for  Model  I  are  illustrated  in  figure  3. 

Figure  3^4  shows  the  level  of  residues  remaining  on  each  cutting  unit 
as  it  is  yarded.  As  illustrated  in  figure  3A ,   three  cutting  units  were 
relogged  over  the  6-month  period,  with  the  third  unit  still  being  treated 
at  the  end  of  the  6th  month  of  simulated  time. 
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Figure   3. — Volume  of  residue:    A,  on    three 
cutting  units;    B,  yarded    to  landing 
awaiting  loading;    C,    loaded  and  await- 
ing chipping;    D,  chipped  and  awaiting 
transport;    E,  chipped  and  delivered. 
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Figure  3S  depicts  the  volume  of  logging  residue  yarded  or  skidded 
to  the  landing,  that  has  not  been  loaded  into  the  chipper.  As  an  example, 
during  the  145th  day  of  simulated  time,  the  level  of  residue  in  this 
compartment  increased  to  a  peak  of  almost  4,000  cubic  feet  of  solid 
wood.  This  occurred  because  the  loader  had  broken  down  that  day,  allow- 
ing the  residue  inventory  to  build  up  at  that  point  in  the  processing 
sequence.   If  desired,  peak  volumes  like  this  can  be  avoided  if  a 
maximum  limit  is  set  on  store  capacities.   No  limits  were  set  on  any  of 
the  compartments  depicted  in  Model  I  or  Model  II.   Consequently,  peak 
volumes  shown  in  the  graphs  in  figure  3  may  be  unrealistic.   Low  points 
in  figure  3B  correlate  with  either  a  machine  breakdown  or  a  reduction  in ■ 
rates  of  production  due  to  some  peculiar  characteristic  of  the  cutting 
unit  being  relogged.   For  example,  the  graph  shows  a  substantial  decrease 
in  the  volume  of  yarded  residue  between  days  90  and  105.   This  was  due 
to  the  large  average  slope  yarding  distance  generated  for  the  setting 
being  relogged  during  this  period.   In  fact,  this  setting  had  the 
largest  average  slope  yarding  distance  of  all  settings  relogged  during 
the  6-month  period. 

Figure  3C  shows  the  volume  of  residue  processed  by  the  loader  but 
not  chipped.   As  in  figure  3Bj  there  are  large  fluctuations  in  the  level 
of  residue  at  this  particular  point  in  the  processing  sequence  which 
could  be  minimized  if  maximum  limits  were  set  on  store  capacities.  High 
points  correlate  with  breakdowns  of  the  chipper  and  low  points  with 
breakdowns  of  the  loader. 

Figure  3£i  is  a  graph  of  the  volume  of  chipped  residue  at  the  landing 
awaiting  transport.  This  volume  could  be  reduced  if  either  a  maximum 
limit  were  set  on  store  capacity  or  additional  chip  vans  were  added  to 
the  system.   Figure  ZE   depicts  the  amount  of  chipped  residue  delivered 
to  the  off-forest  residue  processing  and  power  generation  facility. 
Similar  results  were  obtained  on  successive  runs  of  the  simulator. 
These  results  are  discussed  below. 


Model  I 

Table  3  contains  a  summary  of  the  simulation  results  for  the  five 
replications  of  Model  I.  Three  of  the  compartments,  or  points  of 
storage,  are  defined  at  the  bottom  of  the  table  . 

The  cost  of  delivering  chips  to  Portland  is  computed  from  the 
statistics  summarized  in  table  4.   On  the  average,  2,103  units  of  chips 
with  a  standard  deviation  of  336  units  are  delivered  with  a  mean  daily 
delivery  rate  of  16.2  units  and  a  standard  deviation  of  2.6  units.   Cost 
data  from  table  2  and  the  mean  percent  utilization  rates  for  the  cable 
yarder  and  the  two  four-wheel  skidders  as  shown  in  table  5  were  used 
to  compute  the  cost  of  delivering  a  unit  of  chips  to  Portland.  The 
final  costs  in  table  6  reflect  the  percent  of  time  the  equipment  was 
actually  used  to  yard  or  skid  forest  residues.  The  costs  do  not 
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Table  ^--Summary  of  inventory  in  residues  for  power   (REPO), 
Model  I   (130  workdays) 


Compartment  number-' 

Repli  cation 
number 

1 

2 

3 

jy 

si/ 

jy 

s^/ 

#/ 

si/ 





-   -   Cubic  feet  - 

. 



1 

1,644 

507 

2,094 

1,047 

12,465 

6,262 

2 

1,346 

439 

1,317 

689 

3,920 

2,595 

3 

1,735 

618 

1,802 

994 

28,569 

10,720 

4 

1,274 

514 

1,437 

623 

9,058 

3,573 

5 

1,367 

862 

1,330 

752 

3,836 

6,279 

—  Compartment  numbers  refer  to  points  of  storage  within 
the  sequence  of  operations  being  simulated.  For  Model  I,  the 
compartments  contain:  1  =  volume  of  residue  yarded  to  landing 
waiting  to  be  loaded,  2  =  volume  of  residue  loaded  into  chip- 
per awaiting  chipping,  3  =  volume  of  chipped  residue  awaiting 
transport. 

-/  Mean. 


3/ 


Standard  deviation. 


Table  ^--Summary  of  production  in  residues  for  power   (BEPO),  Model  I 


Replication 

Total  production   (130  workdays) 

Average  daily  production  rates 

number 

Wood 

Units  of  chips- 

Wood 

Units  of  chips-/ 

Cubic  feet 

Cubic  feet 

1 

187,121 

2,339 

1,439 

18.0 

2 

168.636 

2,108 

1,297 

16.2 

3 

192,104 

2,401 

1,478 

18.5 

4 

169,218 

2,115 

1,302 

16.3 

5 

123,980 

1,550 

954 

11.9 

Mean  168,212 

Standard  deviation  26,861 


2,103 
336 


1,294 
206 


16.2 
2.6 


1/ 


1  unit  of  chips  =  80  ft^  of  solid  wood. 


Table  ^--utilization  rates  for  two  4-wheel  skidders  and  cable 
yarder  in  residues  for  power   (RKPO) ,  Model  I 


Replication 

Percent  of 

time 

equipment 

utilized 

number 

4-wheel  ski 

dders 

Cable  yarder 

1 

17 

83 

2 

28 

72 

3 

4 

96 

4 

34 

66 

5 

19 

81 

Mean 

20 

80 

Standard  deviation 

11 

11 
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Table  6- -Costs  of  production  in  residues  for  power  (REPO) ,  Model  I 


Equipment 

Total 

hourly 

cost 

Repl 

cation  number 

1 

2 

3 

4 

5 

_  n^7  7,™„ 

Cable  yarder 

51.21 

42.50 

36.87 

49.16 

33.80 

41.48 

Four-wheel  skidder 

34.08 

5.79 

9.54 

1.36 

11.59 

6.48 

Grapple  loader 

13.49 

13.49 

13.49 

13.49 

13.49 

13.49 

Chipper 

15.41 

15.41 

15.41 

15.41 

15.41 

15.41 

Chip  vans 

29.64 

29.64 

29.64 

29.64 

29.64 

29.64 

Total  per  hour 

— 

106.83 

104.95 

109.06 

103.93 

106.50 

Total  per  day- 

- 

961.47 

944.55 

981.54 

935.37 

958.50 

Cost  per 
unit  of  chips 

— 

53.42 

58.31 

53.06 

57.38 

80.55 

Average  unit  cost 

60.54 

Standard  deviation 

11.42 

1/ 


9  hours. 


reflect  charges  for  tasks  other  than  yarding  or  skidding.  This  assump- 
tion applies  to  both  Models  I  and  II.   As  shown  in  table  6,  the  five 
replications  of  Model  I  produced  an  average  cost  of  $60.54  per  unit  of 
chips,  with  a  standard  deviation  of  $11.42. 

Using  the  empirical  results  obtained  from  the  five  replications, 
we  can  set  confidence  limits  around  the  mean  cost  of  delivering  chips 
if  the  above  sequence  of  operations  is  used.   Because  it  was  not  possible 
to  generate  the  entire  cost  distribution,  it  is  impossible  to  estimate 
the  probability  function  for  the  cost  of  chips  delivered  at  Portland. 
However,  using  Chebyshev's  inequality,  a  distribution-free  method,  we 
can  determine  with  75-percent  confidence  that  the  "true"  unit  cost  for 
Model  I  will  lie  between  $60.54  ±  $22.84.   With  approximately  89-percent 
confidence,  we  can  say  the  "true"  cost  will  lie  between  $60.54  ±  $34.26. 
Thus,  we  are  able  to  provide  an  interval  estimate  for  the  forecasted 
cost  of  relogging  selected  cutting  units  using  the  materials-handling 
configuration  represented  in  Model  1. 


Model  II 

The  results  of  the  five  replications  rim  for  Model  11  are  summarized 
in  table  7. 

A  summary  of  total  chip  production,  as  delivered  at  Portland,  is 
shown  in  table  8.   On  the  average,  2,086  units  of  chips  with  a  standard 
deviation  of  83  units  are  delivered  v/ith  a  mean  daily  production  of 
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Table  7 — Surmary  of  inventory  in  residues  for  power   (REPO),  Model  II  (ISO  workdays) 

{In  cubic  feet) 


Compartment  number— 

Replication 
number 

1 

2 

3 

4 

5 

X2/ 

si/ 

jy 

s3/ 

jy 

si/ 

xi/ 

si/ 

X-2/ 

si/ 

1 

1,429 

560 

1.875 

746 

1,500 

766 

1,559 

664 

1,364 

684 

2 

1,576 

646 

2,159 

963 

1,360 

557 

1,567 

949 

1,380 

1,068 

3 

1,622 

894 

2,494 

1,576 

1,320 

769 

1,569 

799 

1,680 

985 

4 

1,575 

900 

1,718 

777 

1,331 

536 

1,320 

541 

1,429 

612 

5 

1,391 

435 

1,874 

705 

1,576 

680 

1,322 

536 

1,589 

835 

Compartment  number- 

Replication 
number 

6 

7 

8 

9 

10 

^' 

,1' 

X2/ 

sl/ 

xl/ 

sl/ 

xl/ 

sl/ 

xl/ 

sl/ 

1,241 


902 


4,749       2.881       1,246 


706       1,646       1,141       1,651       1,209 


1,490 

881 

4,685 

3.194 

1,393 

1,272 

2,058 

1,163 

2,072 

2,339 

1,158 

926 

4,613 

3,034 

1,945 

2,175 

1,001 

1,096 

2,119 

1,250 

1,425 

740 

4,656 

3.123 

1,462 

790 

1,289 

883 

1,460 

1,144 

1,168 

796 

4,341 

2,806 

1,140 

740 

1,459 

1,095 

1,889 

1,007 

1/ 

onto  tru 
residue 
residue 
processi 
on-fores 
residue 
chipper 
2/ 


1,   volume  of  residue  yarded  to  landing  waiting   to  be  loaded;  2.  volume  of  residue   loaded 
cks  at  landing  and  awaiting  transport;  3.  volume  of  residue  delivered  to  on-forest 
processing  station  and  awaiting   unloading;  4,  volume  of  unloaded  residue  ation-forest 
processing  station;  5,  volume  of  residue  loaded  and  awaiting  sorting  at  on-forest  residue 
ng  station;  6,   volume  of  residue  waiting  to  be  chipped;   7,   volume  of  unchipped  residue  at 
t  residue  processing  station;  8,  volume  of  chippable  residue  transported  across  on-forest 
processing  station  sorting  yard  awaiting   chipping;  9,  volume  of  residue  loaded  into 
awaiting   chipping;   10,  volume  of  chipped  residue  awaiting  transport. 


—    Mean. 


3/ 


Standard  deviation. 


Table  8 — Surmary  of  production  in  residues  for  pauer   (REPO),   Model  II 


Replication 

Total   production   (130  workdays) 

Average  daily  production  rates 

number 

Wood 

Units  of  chips-/ 

Wood 

Units  of  chipsi/ 

Cubio  feet 

Cubia  feet 

1 

163,086 

2,039 

1,255 

15.7 

2 

176.401 

2,205 

1,357 

17.0 

3 

169,183 

2,115 

1,301 

16.3 

4 

167,001 

2,088 

1,285 

16.1 

5 

158,835 

1,985 

1.222 

15.3 

Mean  166.901 

Standard  deviation  6.616 


2,086 
83 


1,284 
51 


16.1 

0.6 


—     1  unit  of  chips  s  80  ft^  of  solid  wood. 
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16.1  units  and  a  standard  deviation  of  0.6  unit.   The  per-unit  cost  of 
delivering  chips  to  Portland  for  Model  II  is  shown  in  table  9.   These 
unit  costs  are  based  on  the  cost  data  presented  in  table  2,  and  the 
mean  percent  utilization  rates  for  the  four-wheel  skidder  and  cable 
yarder  as  shown  in  table  10.  The  mean  per-unit  cost  of  chips  of  $114.09 
is  considerably  greater  than  the  $60.54  per  unit  obtained  for  Model  I. 

This  increased  cost  is  due  almost  entirely  to  an  increased  hourly 
cost,  because  more  men  and  equipment  were  used.  One  factor  omitted  from 
the  above  analysis  is  the  value  of  the  material  sorted  for  higher  use 
at  the  on-forest  residue  processing  facility. 

Again,  using  Chebyshev's  inequality,  we  can  determine  with  75-percent 
confidence  that  the  "true"  unit  cost  for  Model  II  will  lie  between 


Table  S--Costs  of  production  in  residues  for  power  (REPO), 


I  II 


Equipment 

Total 

hourly 

cost 

Replication  number 

1 

2 

3 

4 

5 

_    n^7  7™,„ 

Cable  yarder 

51.21 

17.41 

51.21 

40.46 

43.53 

51.21 

Four-wheel   skidders 

34.08 

22.49 

0 

7.16 

5.11 

0 

Grapple  loaders 

53.95 

53.96 

53.95 

53.96 

53.96 

53.95 

Log  trucks 

29.64 

29.64 

29.64 

29.64 

29.64 

29.64 

Chip  vans 

29.64 

29.64 

29.64 

29.64 

29.64 

29.64 

Front-end  loaders 

27.26 

27.26 

27.26 

27.26 

27.26 

27.26 

Chipper 

15.41 

15.41 

15.41 

15.41 

15.41 

15.41 

Total   per  hour 

-- 

195.81 

207.12 

203.53 

204.55 

207.12 

Total   per  day- 

-- 

1,762.29 

1,864.08 

1,831.77 

1,840.95 

1.864.08 

Cost  per 
unit  of  chips 

-- 

112.25 

109.65 

112.38 

114.34 

121.84 

Average  unit  cost 

114.09 

Standard  deviation 

4.64 

1/ 


9  hours. 


Table   \Q- -Utilization  rates  for  two  4-wheel  skidders  and  cable 
yarder  in  residues  for  power   (REPO) ,  Model  II 


Replication 

Percent  of 

time 

equ 

■pment 

utilized 

number 

4-wheel  ski 

dder 

Cable  yarder 

1 

66 

34 

2 

0 

100 

3 

21 

79 

4 

15 

85 

5 

0 

100 

Mean 

20 

80 

Standard  deviation 

27 

27 

25 


$114.09  ±  $9.28.   With  approximately  89-percent  confidence,  we  can  say 
the  "true"  cost  will  lie  between  $114.09  ±  $13.92. 

The  results  of  both  Models  I  and  II  indicate  that  the  processing 
of  logging  residues  for  the  production  of  chips  varies  considerably, 
depending  on  the  sequence  of  operations. 

Summary 

This  paper  has  reported  the  development  of  a  simulation  model 
useful  for  evaluating  a  wide  variety  of  raw  materials  handling  systems 
encountered  when  timber  is  harvested  or  relogged  in  the  Western  United 
States.  Model  flexibility  was  demonstrated  through  two  hypothetical 
configurations  for  relogging  forest  residues.  Results  obtained  for 
five  replications  of  each  model  also  were  reported. 

We  emphasize  at  this  point  that  caution  must  be  observed  when  the 
results  reported  herein  are  interpreted.   First,  the  raw  data  used  to 
construct  the  probability  distributions  incorporated  in  REPO  were 
obtained  from  a  variety  of  sources.  Some  data  were  taken  from  published 
and  unpublished  reports.  Other  data  necessary  to  construct  many  of  the 
distributions  were  not  available.   Therefore,  these  distributions  were 
based  on  assumed  values  and  relationships.  Although  we  used  the  best 
data  available,  much  additional  information  must  be  collected  before 
REPO  can  be  operationally  useful. 

Another  reason  for  carefully  interpreting  these  results  is  that 
they  apply  only  to  two  particular  combinations  of  processing  operations. 
These  sequences  were  selected  solely  to  illustrate  the  structure  and 
flexibility  of  the  model  and  not  because  they  lead  to  the  least-cost 
production  of  chips.  Other  residue  handling  systems  might  produce 
equivalent  volumes  of  chips  at  much  lower  cost.  Thus,  before  a 
decisionmaker  can  reach  a  valid  conclusion  on  a  specific  problem,  he 
must  extensively  test  each  materials  handling  sequence.   It  must  be 
remembered,  however,  that  the  usefulness  of  computer  results  as  a 
decisionmaking  aid  is  directly  related  to  data  reliability. 
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Appendix 

As  discussed  in  the  text  of  the  paper, 
several  probability  density  functions  were 
incorporated  into  simulation  model  REPO. 
This  appendix  will  interest  those  desiring 
additional  information  concerning  these 
distributions . 
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Distribution 


Density  function 


Cumulative  function 


Uniform 


f(x) 


1 
b-a 

0 


a  <  X  <  b 
elsewhere 


F(x)   = 


x-a 
b-a 


Exponential        f(x)   =     Ae 


■Ax 


A    >   0 

X  >  0 


F(x)   =  1    -  e 


-AX 


Gamma 
(Erlang) 


f(x)   = 


A  >  0 

K  >  0  (integer) 

X  ^  0 


F(x)   does  not  exist  in 
expl  icit  form 


Normal 


f(x)  = 


M'?) 


-oo  <  X  <  +  «> 


F(x)  does  not  exist  in 
explicit  form 


Conversion  Factors  -  U.S.  to  Metric 

1  inch  =  2.54  centimeters 

1  foot  =  0.3048  meter 

1  mile  =  1.609344  kilometers 

1  ft3   =  0.0283168  m^ 

1  standard  cord  (4  by  4  by  8  feet)  =  3.6245564  m^ 

1  short  ton  (2,000  lb)  =  0.9072  metric  ton 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 

GPO    996-245 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture  is  dedicated 
to  the  principle  of  multiple  use  management  of  the  Nation's  forest  resources 
for  sustained  yields  of  wood,  water,  forage,  wildlife,  and  recreation. 
Through  forestry  research,  cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater  service  to 
a  growing  Nation. 

The  U.S.  Department  of  Agriculture  is  an  Equal  Opportunity  Employer. 
Applicants  for  all  Department  programs  will  be  given  equal  consideration 
without  regard  to  race,  color,  sex  or  national  origin. 


c^ 


Qco 


C75 


TO  o 

ya 

C/1 

■D 

0 

3> 

Q)     O 

a> 

r+ 

CU 

3    -5 

01 

QJ 

O 

-s 

to  T3 

o 

r+ 

— 1. 

(D 

g:) 

0)    O 

c 

—J. 

-ti 

0 

3> 

~i 

-s 

O 

— 1. 

c+ 

?o 

s:  a> 

o 

3 

O 

0 

PO 

CU    r+ 

fD 

%*  • 

-s 

1 — t 

3    -■• 

~^ 

00 

Q)     O 

m 

O 

o 

CU 

0 

(£3    =5 

o 

• 

-s 

3 

^ 

n>  -• 

o 

r1- 

CL 

3 

— ^ 

m 

3" 

P 

fD    OJ 

o 

• 

S 

-0 

3 

3    3 

to 

(D 

-s 

CL 

c+  CL^ 

-o 

CO 

0 

o 

r+ 

C_i. 

0 

a>  j3  3»  d 

fD 

• 

c+  • 

T3 

r— 

-n 

0 

■D 

— 1  o 

C-+ 

jS 

o  zn. 

—J 

O  T 

~s   • 

— J> 

:2 

fD 

1— 

n> 

O 

I/O 

fD 

00 

u3  s: 

Q> 

-J. 

d- 

CU 

7^ 

O    —1 

r+ 

(/> 

Cl  0 

3  :^ 

— J. 

CU 

fD 

< 

s: 

O 

o 

3 

-s 

t— 

oo  3> 

3 

CL 

*# 

1— 1 

r+  73 

00 

-5 

^ 

CU    o 

fD 

::o 

-5 

n- 

O 

n 

CU 

fD 

Oi 

a>  -"• 

-h 

r+ 

3 

00 

-s 

LO 

o 

IQ 

"O 

fD 

c: 

m 

-s 

fD 

fD 

3    -o 

O) 

V 

0 

3> 

-■•  -s 

-s 

m 

r+ 

00 

<  o 

n- 

^ 

X 

— 1. 

00 

fD    -h 

3- 

CU 

■a 

< 

1. 

-5  n> 

3 

fD 

fD 

(/I 

00    00 

OOlQ 

-s 

c+ 

->.   CO 

B< 

fD 

'<' 

O) 

c+  O 

r+ 

3' 

s» 

3 

^  -s 

fD 

CU 

fD 

r+ 

• 

— 1 

3 

3 

0 

o 

— 1 

Q- 

r+ 

-h 

-*) 

c-t- 

n> 

c/> 


CO 

—I 
o 


00 
o 


00 


3» 
c-> 


00 

—I 

o 
-n 

00 

-< 

o 


— f  00  -n  CT)  CD 
-S    3-  O    -S    T 

fD  -s  -s  a  CU 
fD  c  cr  00  (/I 
to  cr  i/>  (/>  (/I 

on  — 1  fD 

-J.  10 
TT 
fD 


CO 
—I 
m 


00 


CO 


-<•  3   fD 

to  J3    CU 


o 


o 
^5 


CU 

3 


O 
CL 

J=  fD 


CO 


-■•  C 
-5  -S 
-..  fD 
fD  to 
to 

CU 
3 
O. 

J= 
CL 
CL 

r+ 

O 


CO 

-< 


03 
CD 


O 
fD 

< 
fD 

O 
"O 

3 
fD 

3 


o 

CI 


ro       ro 

CTi  CO 

(— '  CO 


ro  rv> 

ro  o  -P>  r>o 

en  CO  CO  <-D  ~j 


OI 

ta 

fD 


7^ 

r+TDTJ    C    0    -"--S    — ' 

m 

0 

fD    0    1/1    -h  3    C    -"• 

^^^^^V 

-< 

-S    -5    fD          to    to    I/O 

^^^^^^ 

s: 

cr 

to    CU    -h<    r+3-r+— 1 

^^3^3 

0 

fD 

0-$c:fD0fD-'-3- 

^^^^^^ 

3- 

3^— 'tQ3t03_i. 
3                  fD   •»      -»     to    to 

CO 

CO 

OJ 

fD    0    ri-  r+ 

^^^^^J 

•  • 

3 

— 'OOCua)-tiO"0 

^^^^^B 

CL 

3           C-+-  3    0    -h  QJ 

■^^■H 

^ 

S  T3    r1-  -■•  CL  -S          "O 

^^0^^^ 

0  -a 

-■•  c    3-  0          cr  -*i  fD 

^^^^^^ 

-s   — ' 

Q. 

— •C+03'— <too-S 

^^^^^^ 

(D    CU 

fD 

— 1  fD    to           Q.  u      -s 

^^^^^ 

to   3 

ly) 

-5    fD    -■•  CU           fD    -J- 

^■■i^ 

0  <-*- 

TT 

-+i                 3    3"  1/1    to    to 

^B      ^0 

3 

-1.  to  -a    <    0    3-  <-i- 

^^^^^J 

<•       3 

-s 

3  *<    -S    fD    .      -S           0- 

^^^^^ 

0 

fD 

CL  to    0    3           C    CU    CU 

s:  3 

-t1 

r+  0    d-          cr  3    00 

CU    fD 

fD 

c+fDfDO— ^0OQ.-'- 

00    3 

-s 

3^  3    to    -s    r3-»            0 

3-  0 

fD 

fD  to  i/j  t<  n>        -^  Q* 

— 1.  _j 

3 

•     -■•            a>  0)  —• 

3    Q) 

n 

3            3    Q.  0    3    3    — ■ 

IQ    (-t- 

fD 

CU            to    CU     0     CLtQ   '< 

Cl-   C 

to 

3    m          r1-   CL          fD 

0    -S 

• 

fD    Q-c+ai    fD    r+  — 'OI 

3    fD 

-■•3-                 -5    CU    3 

"•      " 

Qi    c+  fD    G<    fD    fD    3 
30-'-3XfDCXCU 

»-<  < 

d.  -%     ~i    a.X3    to            — i 

CL  fD 

-■•            fD       to  -a 

CU  to 

CUQJQ.-1.  CLO-S3- 

3-  fD 

C     — 'CU     to     _J.   -+,Q,     fli 

0    r+ 

<-+          r+          c+          to 

•      Q< 

3-CUCUfDfDOtoo 

c+ 

0    3           to    to    -$    fD    0 

— »• 

-S    Q.  Cr-a           fD    to    Ci- 

0 

l/i          '<    fD    -5  IQ  -      fD 

3 

3-  to           0    fD    0 

-■•  fD    0    -••  0    3    to    £U 

to 

T300CD0-.      fD3 

c 

-5    3    — '  -S           CL  Q. 

-5 

— 1  fD    r-t-  — •  Q-  SIta 

< 

-••  c+  fD  '<    -I-  CU    fD    3 

p 

to     CU      3                3     to     (/)     Q) 

<< 

r+  -S      1           IQ    3-»      3 

I/O    -■•                          1            fD 

CU 

„ 

<~ 

te 

CO 

2 

C7)-0 

•  o 
E  ^ 

T3 
2    CU 
CU    Q. 
E    Q.  lO 

01  "O 

cC 

o 

•  #% 

to    E 

o 

-O    E 

E 

CU 

S-    E 

OJ    E 

o 

4-  M- 

1 — 

to                    E 

+->    CU 

s- 

E  -t- 

-o 

o    >> 

"O 

O    fO 

CL 

-M    O 

3 

•.-           .—    O 

to  "O 

CT)  CU 

re  -o 

H^ 

O  M-    to 

E 

c 

Q.          to 

4-    E 

»•  re  •!— 

•.-   r3 

+-> 

CU 

(J 

rO    to 

•» 

E    CO    CU 

to   re  CU 

en  CU   E  -t-> 

-t->  +J 

>,  re 

00     CU 

f-^ 

+->   re 

locating 
have  drc 
cation  i 

-i->  rs 

S-   CyO 

CU    S-  jC 

to        .c 

E  E   o   re 

E    CO 

2  i- 

CU    E 

_ 

O 

o  s: 

CO    c 

3   1— 1 

+J    CU    u 

CU  "O  +-> 

•r-    re  -r-  1— 

CU 

re 

en 

.p. 

1—   ex. 

c  O) 

o  q: 

+->   to   s- 

cj   CU 

4J    E    +->     13 

•>-  -o 

+->     CL-O     CO 

2 

S- 

Q-i — 

i. 

■r-     CD 

M-     K-1 

re  3  (B 

O    S-    t/l 

to         re  JD 

O    CU 

to     CU 

CU    S- 

(U 

re 

a> 

CU 

rs  •.-   3: 

•r-  u   E   re 

to     CJ 

■1-     01 

00    CU 

-i^ 

E  -o 

q- 

0)    O) 

4-       •> 

c:  r—  cyO 

to     Z5     O 

I—  •■-     S-    4J 

E 

^— 

— -.^ 

S- 

zs 

1 —  _c: 

to  .c 

o  s: 

n3    03 

cr>— 

M-    CU 

s-  re 

#. 

s- 

o 

E 

CU    o 

to 

2J 

O  +J 

=> 

i- 

to    U  1 — 

to  •!-+->     to 

o   > 

, — 

01    O 

s 

•r-   re 

1                 1 

^ 

+-)  UJ 

C    CU      • 

>,  re   o 

•--    4->     E   •.- 

M-  -o 

O    CU 

+->  3 

re 

M-     CU 

Dn  is  again  provided  for 
f  species  whose  old  names 
ty.  The  user  of  the  publ 

+->  o 

I/)  o 

O    >    01 

re        M- 

^     E   1— 1    JE 

re 

JD       . 

E 

S- 

Q. 

+-> 

•r— 

■r-     CU     CU 

2    4-> 

+->  CU        1— 

CU 

E    -r- 

re 

cu 

en 

CU  M- 

c 

CO        •< 

+->    01    E 

1 —    CU  -i>i 

•.-    CU 

O  "O 

>, 

-M 

E 

-E    o 

CO 

■.-  -o 

§s 

•1-            IT3 

re   >>  E 

4-    (J  -E 

S-     E 

to      " 

Q.  01 

3 

+-> 

(-1 

<u 

-a  M-   c: 

re 

O    00   +J       • 

3   re 

E 

CU 

cx-o 

"O 

S- 

CO  "O 

CJ   1—. 

CU    o 

+->    C/1  .— 

CU 

o 

-!->     O 

CU    CU 

E 

■o 

to   re 

(1) 

S-    c 

CC 

c 

o  re  J3 

CU  ^   >,  s- 

to      •> 

E  -i- 

.^  s- 

o 

re 

re   CU 

, , 

c— 

"3     CU 

t/1 

to    00    O 

E 

S-    O  JD    3 

to 

re  4-> 

-.-  +-) 

o 

CU 

OJ    Q. 

r^        •* 

•.-   4-)    E 

+-)  re 

3  re        +-> 

0)   s- 

^~    ■! — 

f— 

>^JZ  To 

E 

"D  • 



Q.  Q. 

o  ct: 

-C    to   E 

(U   o 

+-»  CU  T3   re 

CJ  o 

Q.-0 

to  "O 

s- 

^ 

CJ 

CU 

CU 

CO 

Q.  fO 

X3   LlJ 

+->    CU    o 

s-  c  -o 

re        CU  .— 

E   +J 

CU 

to    E 

o 

3  -i-> 

.E 

> 

CU 

(0 

E  O 

3     CJ 

CU            E 

CU  M-  JD    (J 

CU   -r- 

CU 

re  re 

ct- 

-o 

to   to 

(J 

4-> 

re 

to 

>>'=C 

S-    C3- 

2  CU  re 

*+-    O  •>-    E 

s-  -a 

-E     to 

s. 

CU 

3 

to 

c 

CU 

^_ 

o  -.- 

to 

O    CU  .— 

> 

S-    OJ 

CU    CU 

+-)  -I- 

cr>    « 

to 

-l-J    -r-J 

re 

, 

to 

*^ 

M-    S.    re 

to   re  1 — 

2   Q-  o    E  M- 

-E 

01 

i- 

-o 

CU 

C7> 

1 

E 

—    QJ 

(O       • 

c 

E   -E     CU 

CU  -f-    OI    o 

CU     " 

4-   +J 

"  JD 

o 

E 

CU  -o 

E 

Q. 

"O 

m 

«    E 

S-    Dl 

C    CU    o 

i-          JD 

E  JC    CU  ^ 

i-    ol 

o 

to  rj 

-t-J 

re 

-E     CU 

re  "4- 

n3 

CU     • 

O  -C  •.- 

CU  oi   re 

CO    S- 

i. 

E 

CU    s- 

re 

-E 

to  "O 

2 

CU 

o 

S-    c 

C    CU 

•1-  +J  +-> 

4->   +->  1— 

>,  S-    £3..- 

>,  CU 

CD-.- 

CO   .E 

E 

-o 

o 

jbii 

s_ 

"O 

<u 

CU 

+->                 •!- 

E 

.—   o         re 

-O    4-> 

E 

CO     00 

cn+J 

re   re 

^ 

CU 

(->   r 

ai    •> 

re  4->  -o 

i-   re   CU 

CU  -E    E     <J 

CU  •<- 

•r-   -O 

re 

.f— 

00 

-t-> 

_ 

_ 

t->    (O 

00 

S-    CU  T3 

re  I—   C7) 

4-)   +->     S-   •.- 

CU  s- 

E     (U 

S-     •< 

to 

CU 

re  CU 

o 

to 

to 

, 

.Q 

<U    4-> 

CU    00 

re  CU  re 

1—  Q-  re 

<l)     3     O     E 

Q-  2 

O     E 

CJ>   CO 

CU 

-Q 

■o  -Q  H- 

01 

01 

JD 

, 

3       CU       to 

—    O) 

E   CU 

Q-  E 

13            3 

■—  re  M-   re 

to 

•1 —     •! — 

JD 

■o 

re 

re 

$- 

re 

i-        CU        to 

•1—    O  -1— 

*f~ 

O  1 — 

CU         s- 

(J    CU    CT) 

Ql              -m 

*» 

+j   re 

i-    S- 

E 

U    E 

CU 

i~ 

S- 

O 

-E        S-        o 

-M            E 
(J    to    >^ 

c   s- 

LT) 

• 

S-   o   o 

re   E   E 

E  4-    CU    o 

re  01 

•r-    -M 

o  o 

E 

<u 

•1-   re 

-E 

t3 

C3 

Ll_ 

t/1      1 —      21 

t-)    fO 

S- 

<c 

Q.  +->  M- 

E  o  re 

O    O  ^  CQ 

E 

-M     CU 

4-  i+- 

S- 

to     CJ 

+-> 

CU  CU  e' 

(/)    E    O 

t-  > 

-—  o 

00 

i.    to  r- 

CJ            +J 

CU  re 

S-    i- 

o 

JD 

re 

II 

II 

II 

II       II       II 

r- 

• 

ro 

o 

c:   CU  4-» 

cu 

E          M- 

-Q  •■- 

re 

co      •• 

M- 

O 

JD    i- 

Ol 

fO    c 

t-    (O 

01 

—  to 

oc 

>— 1  T3    00 

>     -^     . 

et    O    E    O 

o 

D-     01 

E  '-^ 

1 

s- 

cu 

E 

, — 

CM 

cn 

'^       tn       C£3 

CC     E     >, 
CO 

CU 

S- 

re  •>- 

■o    to    E 

•1 —  '1 — 

-o  -1- 

•1 — 

O    to 

-E 

Q. 

CU  jD 

.,— 

ro    <U  ■ 

■1— 

cu 

•^ 

E  •— 

CU    CU  •>-    CD 

-i->          to 

.—    E 

•.-    CU 

+-) 

^    E 

to 

S- 

o 

+-> 

C/1 

^^    OJ  ,_  .^ 

re  CU   CU 

3  x: 

E 

+->  -E 

2 

01 

4->    3 

3 

•1—    O 

D    OJ 

<u 

+-> 

=) 

01    CU 

CU  "D     CD   to 

+->    E  .— 

O    CJ 

s- 

CJ    to 

o 

E 

r^   -M 

C  -C 

Q- 

<u 

n= 

re  j= 

JC    E     E 

o  o   rs 

^    CU 

o 

CU    3 

s- 

-E 

E 

>N 

re  E 
>  -1- 

ro   5 

to 

•~ 

on 

2  ■*-> 

+->•.-  LU     II 

E  -o  ct: 

00    ■*-> 

4- 

Ol     i. 

cn+-> 

O  ct  J3 

>> 

J3 

to 

1 

r— 

CU 

CU 

to 

o 

00 

s- 

r^ 

-Q 

3 

o 

E 

C71.Q 

>> 

S- 

E 

E 

to 

O 

•f— 

>^ 

M- 

>, 

to 

re 

S- 

-E 

CU 

o 

CU 

Q-TD 

-M 

to 

O 

E 

CU 

re 

a 

CU 

-E 

> 

1— 

#1 

s- 

E 

-o 

o 

•r— 

CU 

• 

+-> 

— 

CU 

-o 

re 

CU 

to 

E 

1 — 

CD 

o 

re 

to 

re 

JT 

^— 

E 

3 

4-> 

CU 

re 

C7) 

en 

i- 

E 

-o 

E 

+-> 

re 

E 

re 

f— 

re 

S- 

>> 

= 

to 

-o 

•I— 

-o 

+j 

E 

to 

CU 

01 

re 

re 

+-> 

.,— 

CU 

Q.+-> 

4-> 

CU 

E 

to 

-a 

U 

CU 

CU 

E 

CJ 

-1 — 

S- 

re 

re 

<J 

o  • 

to 

M- 

*\ 

CU 

^ 

-E 

E 

H- 

CU 

-M 

O 

O  ' 

•1 — 

-r— 

s- 

2 

+J 

00 

CQ 

o 

re 

CU  I 

E 

4-> 

<J 

CU 

s- 

CU 

en 

3 

s- 

CU 

o 

re 

> 

00 

I 

+->  E  en 

E  -(->  o  E   re 

CU    E  -I-    O    CU 

"O    CU  -M    E    s- 

•I-  3  re  re  re 
cr-M 

to    CU  CU   4J    CU 

CU  to  en  to  +-> 

•r-  jD  CU  -r-  re 

U     3  >   r—    4-> 

CU    CO  to 

CL  M-  I—  •.- 

CO  +->  O    O  +-> 

to  jQ   I — 

+->  -I-  to    E    3 

E    01  •.-    >,  E 

re  to  to  CO 

■ —   re  >>        re 

Q.  r—     CU 

"o  re  x:  E 

CD  E  E   4-J  -i- 

E  re  re        -E 

•I-  4-    4-> 

S-    Ol  "O    O  •!- 

CU   +->  E  2 

+->  CU  re   E 

E    CU  O    to 

OJ  -E  E  -I-    CU 

to  O  +->    CD 

CU  -I-  re  CU 

+->  "O  +->     M   1 — 

re  1 —  re  •!-  I — 

+->    CU  r—  -o    o 

-.-  -r-  -r-  s-  a 

I—  H-  a.  ro 

■r-  E  -O  T3 

CJ    E  O    E    E 

re  o  CJ   re   re 

E  S-  t/1    to 

>)  O  CU  CU 

+->   4->  3        •     O 

re  re  Q.  re   E 

CU    O  E   4->    CU 

s_  •!-  o  re  C7> 

ent|_  a  "o  re 


M 

o  +-> 

CU 

X 

CU 

to 

c 

Ol-r- 

-E 

•  1 — 

> 

CU 

o 

<U     2 

-u 

to 

E 

M- 

r— 

•1 — 

to 

-o  +-> 

S- 

E 

E 

o 

^- 

o 

to    O 

to 

•  r- 

E   en 

O    to 

CU 

s- 

•  r— 

3 

to 

.—    CU 

CU 

ol 

re   E 

CD 

CU 

o 

re 

4-) 

01 

CU 

O    Q. 

o 

-M 

E 

E 

CU 

•I— 

S-    c 

JD 

4- 

+-> 

a 

$- 

JD    to 

+-> 

re 

o 

o 

s- 

to   -E 

O   -r- 

E 

CU 

re 

E 

E 

1. 

•  1 — 

CU 

CU     Ol 

M-   -M 

to 

to 

•, — 

r— 

o 

>,  en 

CO 

M- 

-M 

-E 

•.-   re 

01 

re 

-^ 

re 

CU 

to 

4-> 

to    E 

+-) 

-o 

re 

O  3 

Cn-.- 

^ 

s- 

E 

to 

re 

•f— 

E 

E 

re 

o 

-o 

E 

E  1 — 

o 

>  • 

01 

4-J    4-> 

CU 

re 

+-> 

o 

CU 

CU      •> 

•r— 

TD 

2 

en 

1 — 

00 

Ol 

CU 

Ol  re 

■o 

re 

1— 

+-> 

en  E 

-O    CU 

E 

E 

o 

E 

S- 

•  1 — 

o  o 

3 

01 

-o 

E 

re   o 

o  sz 

re 

o 

•  r— 

JD 

o 

re 

o 

E  •-- 

+-> 

CU 

-o 

CU 

en 

CJ  +J 

•1— 

4-> 

E 

CU 

CU 

■o 

01 

•1 — 

E 

E 

to 

-M    CU 

01 

E 

to 

>,4-) 

Q. 

CL 

M-    E 

tj 

O 

re 

CU 

E    S- 

+->     01 

CU 

o 

•  1 — 

to 

re 

CL 

to 

O  -r- 

CU 

E 

•  r- 

s- 

CU  o 

E    CU 

E 

E 

1 — 

re 

Ol 

en 

CU 

+-> 

n 

a. 

E 

re  +-> 

re 

O 

4- 

il 

E  t— 

4->    4-> 

CU 

en 

re 

Ol 

E    E 

I—  re 

E 

X 

4-> 

O 

re 

s- 

■•-  o 

S-    3 

r— 

re 

-M 

CU 

E 

S-  -1- 

CL-O 

re 

E 

> 

CU 

re  JD 

re  o 

r— 

CU 

CU 

cu 

CL+J 

+-) 

CU 

E 

JD 

4->    E 

Q-^ 

o 

1 — 

t:n 

CJ 

-)-> 

>    to 

^  => 

E 

S- 

CU 

T3 

E 

s-   >. 

4-> 

<J 

re 

CU 

E 

to 

o    t- 

o 

re 

+-> 

i. 

+J 

S_ 

3 

CU    01 

to  -1- 

s- 

> 

(U 

>, 

cn  CU 

2 

, — 

01 

3 

to 

re 

E 

(J 

•r-      2 

-M 

cu 

en 

to 

-^ 

E    O 

Q. 

CU 

o 

>,T3 

i+- 

Q- 

> 

4- 

re 

>>  s- 

O    E 

4-) 

to 

E 

4-J 

S-    o 

i-     Ol 

re 

CU 

O 

CU 

E    O 

•r- 

r— 

re 

CU 

re 

•  1 — 

o 

CU     3 

-o 

to 

•^ 

-o 

re  2 

+->    O 

re 

I — 

-E 

S- 

4-> 

en4-   E 

4->    E 

re 

en 

to 

o 

E 

c/> 

••-  -E 

E 

1— 

cu 

to 

•1 — 

o 

4->     CU 

4- 

E 

E 

o 

JC 

■C3   re 

O 

CU 

4J 

-o 

1 'r— 

CU    CD 

o 

O 

•  1 — 

O 

s-  o 

^^ 

O)  -o 

•  1 — 

-E 

+-> 

Ol 

o  +-> 

r— 

-M 

t— 

CU 

o  s- 

■  ^^ 

t— 1 

+J 

4J 

• 

CU 

E 

CU 

JD  re 

re 

^^ 

O 

+-> 

-E 

4-  re 

,^jj 

-E 

•  1 — 

re 

r— 

•  1 — 

r— 

E   O 

sz 

S- 

S- 

o 

3 

h- 

CU 

^gj 

4->  -a 

-o 

+-> 

CU 

1 

2 

CD 

>>•■- 

4->     CU 

CU 

o 

Q.4-> 

CU    to 

^^3 

S-    E 

■o 

to 

s- 

S- 

o 

E 

to  1 — 

4-    4-> 

2 

•  r— 

en  CU 

^^2 

3  re 

re 

E 

re 

3 

r— 

•r- 

CL 

•1-   re 

00 

T3 

CU 

+J 

. 

re   s- 

o 

•  1 — 

o 

^— 

CO 

re  3 

4-    c 

re 

JZ 

to 

E 

00 

^^^ 

4-     - 

M- 

re 

CU  li- 

o 

J=  -o 

D1 

CU 

0) 

+-> 

E 

o 

=5    >> 

• 

^2 

E 

o 

cn+J 

li- 

cC 

Q. 

<:  -r- 

•  1 — 

•  r- 

•  1 — 

4-> 

o 

C^ 

to    O 

re 

re 

u 

r-~    r— 

to 

+-> 

14- 

CU 

enT3  •>- 

.E 

•.-  +-> 

to 

+-> 

•  r- 

eu 

^ — ^ 

re  re 

^-^  <u 

•, — 

01 

CU 

CU    to 

re 

<•» 

^  cD-e> 

■o 

oo 

to 

^ 

r— 

•1 — 

CM  "O 

s- 

JD 

3 

s- 

+->  s_ 

-o 

03 

h-    E 

CU 

CU 

1 

re 

4-5 

^ ^ 

CU  4-> 

*— ^ 

to 

CU 

.f~. 

o 

Q-  CU 

fcj" 

s- 

^^ 

CU 

JD 

-E    E 

x: 

CU 

01 

re 

CU    > 

^^2 

-E 

X) 

CJ 

CU 

-E 

4->    CU 

o 

-^ 

^ 

re 

S- 

o  •■- 

T3 

o3 

Ol 

E 

CU 

s- 

CU 

4-> 

4-> 

•r- 

re 

3 

CU 

re 

E 

O    E 

E 

as 

re 

3 

x: 

sz 

-E 

•r— 

O    O 

J= 

E 

to 

M- 

> 

re   3 

re 

i-b. 

3 

-E 

o 

4-> 

4-> 

2 

4->    CL 

2 

S 

0 

1 

-a 

0 

I/)    Q.  C 

3=" 

OJ 

-h  QJ 

fD 

0 

— 1. 

QJ 

-s 

-J.  fD    to 

—J 

3 

Q)    — ' 

-s 

0 

1/1 

0 

3  -O    -■• 

3 

Q. 

-S    fD 

(D 

TT 

c+ 

— 1* 

r+ta    fD    3 

0 

-5 

-+i 

3" 

—J  3   to 

to 

— "• 

-S    c+ 

< 

fD 

_^ 

fD 

fD    Q. 

c+ 

<-+ 

-■•  fD 

DC 

zn 

zn 

fD 

0 

r+ 

o> 

n 

fD   n- 

CO 

r\j 

— ' 

in  CL 

—1. 

-5 

fD 

0 

-+i 

<    3    3- 

o> 

—J 

— '• 

3- 

rh 

0 

<-+ 

r+ 

3 

O) 

^■ 

^ 

0    0    -■• 

— 1 

QJ 

II 

II 

3 

c+  OJ 

■ 

0 

1, 

:2 

. 

S 

0 

■ 

n 

-h 

fD 

— ^ 

to 

0 

< 

— 1  fD    to 

-^ 

3 

t/1 

cr 

>-D 

3" 

3 

0 

lO 

fD 

<o 

3- 

-s 

• 

■~i 

fD 

c 

TT 

s: 

s 

^ 

=r  C+ 

Cr 

^ 

c-t- 

1/1   0 

-^ 

n 

to 

-5 

tn 

3 

0 

en 

0 

fD 

OJ 

t# 

fD 

r+ 

1 

3   ~+)  "~^ 

0 

— '• 

— '• 

OJ 

Q) 

3- 

fD 

QJ 

-5 

-'•  c 

00 

0 

r+ 

cl- 

en 

o- 

0 

0 

0 

Q- 

— ' 

— '• 

3- 

< 

fD    0    -■• 

-h 

II 

r+ 

— ' 

3 

to 

fD 

3 

C 

CL  rl- 

0 

0 

3- 

1 

^ 

0 

0 

— ' 

r+ 

<-l- 

S 

0 

-S    to 

3- 

—J 

fD 

-h 

fD 

0 

fD 

y^r 

3 

s. 

CTl 

TT 

TT 

— 1. 

^ 

3" 

3- 

fD 

— ^ 

=         c+ 

r+ 

Z 

n 

1/1 

0 

c+ 

to 

fD 

(^ 

3 

M 

fD 

fD 

to 

c 

-ri  to    -J. 

3- 

OJ 

Oi 

cr 

— ' 

3- 

OJ 

c: 

—f 

to 

0  << 

C/5 

d 

-n 

-XD 

(/I 

CD 

n  0 

tn  3 

-s 

r+ 

3 

— 'T3    3 

fD 

3 

fD 

— '• 

O) 

i 

3 

—*• 

-+i  13 

CD 

3 

(D 

-s 

r+ 

3 

0 

c:  3- 

c-1-  OJ 

3=- 

(-1- 

to 

1/1 

• 

fD 

0    fD  to 

fD 

1/1 

to 

3 

fD 

Q. 

(/) 

r+ 

0 

01 

0 

fD 

Q. 

1   Q) 

OJ    3 

3- 

0 

^ 

0 

z 

-s  0 

to 

3- 

-h 

c+ 

to 

r+ 

3" 

fD    3 

(-+ 

< 

-5 

to 

< 

r1-  to 

r+  tr 

fD 

3 

-+i 

S 

Q)      -1.    0 

'< 

— « 

— '- 

0 

fD 

fD 

IQ 

— '• 

fD 

fD 

QJ  "< 

<-+ 

fD 

Oi 

1 — 

to 

01 

0 

r- 

C    fD 

fD    OJ 

00 

fD 

0 

0 

fD    0 

3 

— J* 

-h 

C 

CL 

CL  fD 

3 

Q. 

0    3 

-5 

fD 

-a 

to 

fD 

-5 

to    1 

-t) 

3 

3 

c+ 

03 

T 

0  to   e 

0 

1/1 

r+ 

3 

• 

3 

~i 

ZT  to 

(D 

(/) 

0 

0 

OJ 

0 

0 

fD    • 

• 

0 

n- 

^ 

3- 

C 

7^ 

-ti        — ' 

3 

c+ 

CL 

— '• 

C 

r+ 

— '• 

fD 

-h 

OO 

-5 

c: 

s: 

0 

~—l 

— !• 

3 

fD 

r+ 

>« 

_..   CL'< 

fD 

— '• 

to 

to 

3- 

to 

OJ 

X3   cr 

r+ 

fD 

<-+ 

3 

-h 

1 

-»1 

1/1 

(-+    CL 

Q. 

3 

— •• 

«« . 

fD 

CL 

O)  ^ 

^ 

r+ 

0) 

Q) 

1/1 

CU 

33 

-■•  c= 

m 

0 

— >■ 

—J 

fD 

— >• 

— 

3-  fD    crx3 

3 

OJ 

OJ 

fD 

UD 

3- 

3 

r+ 

-5 

— 1 

-5 

to    • 

Q.  r+ 

^ 

n 

— '• 

-+i 

< 

fD    3    fD 

-s 

— '• 

IQ 

0 

to 

-s 

fD    OJ 

0 

fD 

Q. 

r+ 

■ 

3- 

r+ 

0   oo 

•       3- 

1. 

to 

s: 

OJ 

c+ 

0 

to 

fD 

r+ 

to 

3 

'< 

to 

— (^ 

1 

"O 

0 

3" 

fD    • 

fD 

3 

3 

r+ 

0 

r+ 

to 

"O  -'•  fD 

cr 

3 

3- 

*< 

— ^ 

3 

^ 

c+ 

0    3 

-0   l3 

fD 

en 

3 

C 

ro 

ta 

QJ 

-s 

3- 

n 

OJ    -h  — ' 

— ■ 

< 

C 

fD 

3 

<< 

0 

3 

3" 

-h  £= 

S  tu 

-s 

OJ 

-0 

-5 

— '  0 

to 

3 

— ■• 

TT- 

fD 

c 

0    -■•  -■• 

fD 

OJ 

to 

0 

3 

0 

C 

3 

&> 

n 

c+ 

3 

to 

OJ    fD 

-— -  -s 

-0 

fD 

1/1 

to 

— ^ 

-■•0    3 

3 

— ' 

00 

3 

r+^ 

3 

to 

r+  fD 

(/) 

3- 

r+ 

0 

C-) 

3  -0 

-S    Q" 

c 

t/1 

C 

OJ 

-h  o>    ->■ 

to 

— '• 

to 

'<  ^ 

3- 

P  ^ 

OJ    -S 

3- 

-h 

c 

c: 

to 

3 

-s 

fD    OJ 

fD    to 

cr 

< 

,cr 

to 

-s 

-■•0+3 

Q. 

3- 

3     ^ 

3 

fD 

^ 

3 

cr  -■• 

-5 

3 

0 

0    -5 

<    1/1 

..^ 

— 1. 

fD 

'< 

fD 

n  ->•  OJ 

— ■• 

• 

0 

0 

V 

^# 

c   0 

3 

0 

0 

3 

C    r+ 

-•■  fD 

— 1. 

3 

-s 

-s 

-a 

0  <-h 

3 

s: 

3 

to 

to 

— ' 

to 

0 

< 

-h 

J3 

00    3 

01     1/1 

0 

'< 

0 

— t 

^   3     fD 

< 

3 

^ 

3 

-0 

fD 

3 

Q)  n 

<-+ 

^ 

-s 

fD 

C 

fD 

fD 

OJ 

c+ 

• 

0 

OJ 

0           CL 

0 

• 

3 

fD 

fD 

0 

fD 

-s  0 

0 

0 

0 

-s 

<-+ 

-0   3 

Q.  0 

r+- 

3- 

3- 

-h 

3 

~S    -■• 

— ' 

^ 

s 

0 

<r+ 

s 

CL 

3 

-S 

3 

to 

3- 

C/1 

C    r+ 

-h 

— '. 

fD 

fD 

1— 

r+ 

r+  to    -1. 

< 

— '• 

— '• 

3   fD 

r+-Q 

_j. 

fD 

(-1- 

CT 

cr 

0 

— • 

fD 

r-l- 

to 

=r        -+I 

fD 

1/1 

< 

fD 

0 

3 

Q) 

"O 

3" 

C 

r+ 

— '  0  ^    r+ 

3 

fD 

"D 

0 

3- 

s  0 

Q. 

fD 

Q> 

to 

3 

OJ 

r+  0 

-s 

g 

^ 

-0 

->•  -ti 

3- 

1/1 

Q. 

-h 

fD 

0 

fD    3    3 

n 

—J 

3 

fD    3 

fD 

fD 

to 

01 

^ 

0 

3=  fD 

— '. 

c 

zn 

-h 

to           OJ 

— '• 

c+ 

— »• 

3 

C 

fD 

-s 

1/1 

to 

c+ 

0 

0 

CU 

OJ    JaUD 

r+ 

— » 

-J- 

0 

n-  rl-  -■• 

3 

— •• 

CL 

QJ 

3 

-■•  r+ 

to 

r+ 

-h 

-s 

r+lQ 

=S    d 

— !• 

• 

c+ 

0 

rl- 

=  3-3 

0 

3 

Q-  S. 

OJ   3- 

C/1 

3- 

-h 
0 

0 

3 

-■■  T 
0    -■• 
3       1 

ro 
0 
0 

fD    3 

to     -1. 

(-»- 

fD 

Q. 

0 

3 

0 

3- 
1 

Q. 
fD 

3- 
fD 

fD 

3 

3 

fD 

fD 

^ 

— '  a> 

0 

-h 

c+ 

r+-0 

0 

-s 

3" 

3- 

— i 

3 

0 

fD 

fD 

fD 

TD 

3 

-s 

3 

c 

fD 

0  fD 

r+ 

r+ 

-5 

3 

fD 

3" 

OJ 

fD 

(-+ 

— 1 

-s 

fD 

-s 

U3 

OJ 

zy 

fD 

0 

-s 

fD 

"O 

1/1 

3 

'< 

-s 

<-^ 

fD 

—* 

0 

X 

00 

— 1< 

-J. 

3 

-s 

ri- 

r+ 

3 

to 

c+ 

fD 

T 

QJ 

-h 

r+ 

0 

CL 

Q) 

c+ 

0 

00 

c 

0 

fD 

-5 

r+ 

3 

c+ 

3 

0 

to 

Q) 

to 

d 

OJ 

-h 

c+ 

3 

c+ 

OJ 

fD 

Q) 

-J' 

—1. 

to 

c+ 

-s 

3 

< 

0 

■0 

Q.  fD 

3 

fD 

3 

OJ 

-s 

0 

0 

^^ 

0 

to 

0/ 

— 1* 

3 

0 

.J. 

-s 

fD 

s 

3 

r+ 

fD 

to 

3 

3" 

0-^ 

OJ 

— !• 

—J* 

1/1 

I/) 

~-i 

n 

3 

0 

(-1- 

3" 

3- 

QJ 

0 

0 

0 

-h 

r+ 

3 

-s 

s 

fD 

QJ 

— '• 

■a 

fD 

3 

fD 

-5 

0 

c 

CL 

(/) 

fD 

3 

n- 

3- 

• 

to 

fD 

— !• 

fD 

OJ 

-s 

3 

-5 

< 

0 

fD 

— 1 

QJ 

-h 

0 

c-f- 

3" 

fD 

3--D 

fD 

1 

•~j. 

3 

fD 

—J 

to 

OJ 

3 

r+ 

c 

fD 

cr 

-+) 

fD 

-h 

to 

0 

-s 

to 

fD 

-s 

\«  • 

—^ 

to 

■a 

3 

fD 

0 

fD 

Q) 

OJ 

rt- 

to 

3 

n 

to 

r+ 

3- 

fD 

—J. 

C 

0 

OJ 

0' 

to 

-+1 

01 

' 

3 

-0 

O) 

c:   0 

0 

3 

OJ 

3 

00     -t, 

rt 

0 

3 

CL 

3    to 

3- 
fD 

<-h 

Q- 

-<tQ     QJ 

-s 

0 

01 

0 

to 

0 

0 

00 

CO 

C 

<-+  (V>   ~n 

c:i 

3 

3 

< 

c 

— 1 

r— 

fD 

fD 

3 

Z7-  cr  0 

O) 

c 

QJ 

fD 

r+ 

3- 

— i* 

fD 

fD 

tCl 

fD   -s   c 

< 

3 

3 

-s 

3- 

fD 

<-h 

— '  r+ 

— • 

r+ 

^* 

a   -s 

— ^ 

— It 

— '  fsj 

C 

fD 

S 

~i 

— '  c+ 

to  — • 

VO 

~—i 

to    to 

10 

to 

to- 

OJ 

CL 

fD 

fD 

tO  — > 

ai  fD 

cn 

fD 

s: 

Q)    3-  to 

cn 

^« 

--J 

01 

tn  fD 

(J^  » 

CD 

«* 

3-tQ             C 

ro 

0  -0 

to 

cr 

c+ 

s 

CO  >• 

• 

■ 

— 1. 

fD  '--cr 

• 

XI 

•      3- 

^ 

fD 

> 

3= 

3= 

0 

3r 

cr  >^  I/) 

QJ 

^ 

fD 

in 

0 

-s 

fD 

m 

-P>  rf- 

y> ' 

CO 

3=  <r+ 

3= 

c   n-  fD 

<~) 

-n 

0 

3=  -■• 

-5 

— 1. 

-^ 

c+ 

3=-  r+ 

0  cr 

0  ^ 

3> 

c 

IQ 

•^s 

3= 

S. 

to    (»    0 

0 

— ^ 

(Lj 

-t) 

■o 

fD 

c+ 

<-t- 

to 

C 

—1 

-s 

zr  fD 

tn  r^. 

<-<-  • 

^^ 

-5 

r^. 

to 

- 

QJ 

3-  a  -•• 

• 

0 

• 

-h 

0 

— !■ 

0 

-s 

OJ 

fD 

fD  -S 

1  a. 

3-» 

—J 

— 1. 

ft. 

rt 

to 

c^.  fD 

t« 

-5 

CI 

— ■  3= 

0 

3- 

0 

^ 

fD 

to 

fD 

0    r+ 

4i.  «i 

_j. 

fD 

0 

(\i 

C 

0   Co    to 

Q) 

Q) 

0    • 

0 

0 

3 

fD 

^r 

to 

TT 

0  s 

-S    OJ 

r+ 

C 

S 

Q. 

Q. 

—*   r^> 

0 

_j 

-5  - 

3 

0 

to 

o: 

QJ 

r- 

CT>  <rt- 

Q.  3 

— I* 

— I 

C+- 

<< 

fD 

QJ    ft    S 

cz 

0 

— 1. 

OJ 

to 

0 

T3 

QJ 

— ^ 

0 

— 1  • 

•     ft 

CL 

3 

r+ 

ft 

< 

to          fD 

cr 

-h 

-b 

Q< 

c 

TT 

0 

—J 

3 

• 

-h 

—J*  *• 

<rt- 

to 

C 

^ 

0 

fD 

00    to    -5 

c 

0 

0    3 

— 1 

-h 

OJ 

CL 

to 

R 

C    3= 

CO 

-5 

ft 

-h 

— 1 

-■•■D    fD 

-Q 

1 — 1 

-s 

-tl  CL 

n- 

fD 

3 

cr 

c+ 

r+  C- 

cr  . 

en 

OJ 

0 

-+.T3 

c 

CL 

3 

fD 

<-^ 

<-l- 

t-h 

0 

C= 

3" 

-5 

0 

01 

00 

— ^ 

0 

I/) 

■a 

_i.  .       CU 

fD 

Q) 

— •• 

0  C3 

CL 

3- 

0 

• 

fD 

0    • 

0 

T3    -< 

-h 

OJ 

fD 

0 ^  Q. 

3" 

Q) 

QJ    Q) 

OJ 

fD 

to 

7^ 

tn 

-h 

3 

fD    0 

m 

IQ 

CL 

OJ             CL 

0 

— '  < 

to 

— I 

X3 

' 

CI 

T3 

0  c 

X 

1:^ 

fD 

c-H  cr  fD 

1— I 

• 

-0 

— 1.  — 1. 

c 

• 

X3 

fD 

^ 

3 

3 

~^ 

-■•  3 

T3 

^ 

CT 

—J. 

-'•'<     CL 

0 

-5 

-+)   CL 

0 

-s 

0 

0 

CJ 

-J> 

OJ 

fD 

fD  to 

fD 

<n- 

-s 

3 

0 

s: 

fD 

0 

3- 

0 

— I* 

• 

fD 

c-h 

r+ 

X 

to    • 

-s 

(^ 

c 

3    3=>  r+ 

Qj 

s: 

to 

-S    C3 

1— 1 

< 

fD 

T3 

fD 

• 

^ 

01 

r+ 

•      0 

• 

in 

3    • 

QJ 

3 

~j. 

01 

4:^  O) 

CL 

< 

— 1. 

3' 

^, 

3" 

3- 

to 

.^ 

*» 

— 1. 

to 

3 

— 1 

-s 

fD 

3 

CD 

CO 

•  • 

fD 

n    3C  r+ 

1 

OJ    7^ 

■  • 

c-^ 

0 

— 1. 

• 

r-l- 

00 

;c 

3 

r^. 

3-  •      3- 

— <. 

00 

•      fD 

3- 

fD 

3 

3 

r-h 

OJ 

3- 

r+ 

r+ 

ft 

T 

fD          fD 

Qi 

fD 

0 

fD 

fD 

QJ 

3 

0 

3- 

• 

-H 

3  s: 

3 

-s 

TT 

to 

s 

00 

3 

c-l- 

Q. 

CL  fD 

tn 

3- 

T3 

fD    -■•  S 

TT 

d  • 

fD 

3" 

0 

c+ 

fD 

0 

r+ 

fD 

C 

3    0 

C~) 

fD 

3 

— 1. 

c 

to 

3 

-s 

:i^ 

QJ 

s: 

cr 

0  S  0 

• 

1 

— 1. 

— 1. 

n 

c-h 

0 

QJ 

QJ 

•^ 

r-l- 

^ 

to 

~^ 

-+i  QJ    Q. 

fD 

< 

3 

3- 

3- 

-h 

* — t 

c+ 

srt- 

0 

fD 

-J. 

-5  << 

DO 

'< 

fD 

«/> 

fD 

— 1. 

C 

CT> 

«) 

0 

3 

0 

n 

00   Q. 

-s 

• 

-s 

n- 

S 

OJ 

3=  rs 

-s 

~-4 

3 

3 

c+ 

OJ 

fD  >•    ta 

0 

to 

o> 

fD 

t« 

IQ 

n 

Q) 

■  ■ 

^» 

3 

c-1- 

fD           -S 

S 

-J* 

3 

-s 

<-+ 

-s 

— 1 

^.j 

03 

(Q 

0 

.^, 

r+          0 

3 

,r+ 

0 

fD 

— >* 

c 

^-t. 

^. 

3 

0 

— '         C 

'< 

fD 

0 

CL 

N 

ft 

3 
to 

fD          "O 

c 

3 

fD 
CL 

CO 


. 

4-> 

E 

E 

CO 

E 

E 

•  f— 

O 

+-> 

O 

OJ 

1 

CO 

OJ 

CD 

>. 

A 

1 

^— 

>>  2 

•  r— 

-i^ 

CO 

^— 

(U 

•  r— 

+J 

c 

JD 

X 

•f— 

E 

1 — 

1 

CU  cu 

cu 

+-> 

o 

•  1— 

+-> 

D.     (J 

a: 

S- 

•1 — 

•r- 

1— 

-o 

CO  "O 

O 

•  1 — 

(U 

E 

-E    E 

-E 

03 

03 

CD 

CJ 

•  1 — 

E 

cu 

Q. 

■o 

• 

«*- 

JD 

cu 

CO 

, — 

Dl 

^ 

■M 

CJ) 

cr,|— 

+-> 

4-> 

J^ 

O 

13 

CU  4- 

CO 

O 

o 

Zi 

<V 

CO 

r^ 

CO 

«4- 

3 

+-> 

O 

3 

CU 

C 

E 

». 

4- 

<U 

f-^ 

-o 

CD-r- 

OJ 

•  1 — 

s- 

o 

1 — 

1 — 

03 

0) 

Z3 

Q- 

CO 

s- 

o 

S- 

+-> 

CO 

fO 

>> 

CO 

O 

E 

CD 

CU 

o 

o 

E    O 

+-> 

■t-> 

OJ 

s_ 

^— 

o 

U 

•r— 

CO 

•1— 

o 

x: 

o 

LO 

1— 

o; 

+-> 

CO 

• 

•1 — 

cu 

u 

%. 

03    OJ 

E 

.,— 

(O 

-o 

en 

o 

JO 

•I — 

o 

co 

^— 

ITJ 

CO 

•1 — 

Q. 

•1 — 

03 

to    E 

> 

JD 

cu 

-l-> 

q;  Q. 

o 

T3 

s. 

s- 

E 

+-> 

OJ 

CJ 

., — 

«t 

r— 

-o 

CO 

E    O 

CO 

03 

E 

•  f— 

CU 

E 

o 

E 

-l-> 

>> 

<L) 

Q. 

.,— 

x: 

•o 

s. 

CO 

E 

. 

E 

E 

i- 

S- 

O  v- 

S- 

CD 

CU 

+-> 

•  1— 

4->    CU 

+J 

CU 

^ 

c 

CO 

JD 

CO 

i_ 

+-> 

^— 

cu 

E 

(TJ 

f^ 

^— 

•  r— 

(O 

cu 

o 

•r-    +-) 

o 

c 

a 

E 

CO  JZ 

OJ 

TJ 

cu 

^— 

o 

o 

rtS 

O) 

cu 

-a 

O 

S- 

oo 

o 

> 

M- 

CO   -r- 

s- 

•  1 — 

m 

OJ 

CU 

0)   +-> 

+-> 

$- 

CO 

to 

4- 

o 

fO 

-E 

<U 

E 

E 

5- 

cnoo 

X2 

CO 

+-) 

•  1 — 

•r-   -O 

s- 

-o 

s- 

l-~ 

^ 

2 

LD 

•  f — 

u 

x: 

Q_ 

CO 

3 

o 

'^ 

O 

-l-> 

O 

r^ 

E 

CU 

CO 

E 

E 

>  -o 

cu 

S- 

+j 

Q-4-> 

-E    >, 

x: 

CU 

•1— 

jc: 

Ol 

Q- 

1 — 

O 

E 

s- 

(O 

S- 

cr< 

>> 

o 

CU 

=) 

03 

CU     CO 

o 

4J  XI 

+-) 

+-> 

XI 

4-> 

+-> 

E 

r— 

ro 

-E 

<4- 

(O 

s_ 

D- 

CO 

E 

i~ 

S- 

S- 

cu 

o 

00 

CU 

E 

S- 

E 

<U 

2 

•f— 

05 

+-> 

n3 

+-> 

o 

., — 

E 

(O 

o 

CU 

CD 

4-) 

f— 

cu 

•, — 

r^ 

•1 — 

o  r- 

CU 

cu 

>> 

JD 

o 

4-> 

E 

+-> 

(TJ 

Q. 

to 

O 

+-> 

> 

Ll_ 

4-> 

o 

CU    3 

JD 

s- 

JD 

^    CO 

E 

x: 

03 

re 

s- 

00 

O) 

•  I— 

4-> 

>> 

(0 

"O 

E 

E 

cu 

CD 

E 

■D 

03 

$_ 

CO    O 

(/I 

(O 

E 

=     en 

+-) 

E 

-C 

01 

•  1 — 

jr 

l/l 

S- 

E 

o 

o 

o 

CU 

fO 

OJ 

4J 

+-) 

Q- 

CU  jQ 

CO 

$- 

X3 

+-> 

CU 

1 

s. 

Q. 

• 

r— 

+-> 

CO 

3 

S- 

S_ 

i. 

o 

s- 

i. 

r— 

CO 

C/1 

XZ    (O 

CO 

o 

E 

O 

> 

#> 

cu 

4- 

CO 

r— 

cu 

t/l 

QJ 

••—y 

ro 

o 

cu 

+-> 

13 

o 

CL-O 

CU 

-o 

+-) 

o 

•^ 

4- 

03 

E 

•  1 — 

T3    E 

Q. 

O 

cu 

05 

-C 

f^ 

-E 

M- 

£ 

O 

M- 

+-> 

fO 

cu 

o 

E 

5 

E 

E 

CO 

Q. 

s: 

f— 

CD 

<u  •<- 

X 

•  1 — 

+-> 

o 

+-> 

O 

eo 

4- 

rs 

E 

CO 

lO 

*» 

CO 

CO 

-E 

O 

(O 

cu    E 

as 

lO 

CU 

1 — 

1 — 

LlJ 

>> 

CL 

E 

X3 

•1 — 

E 

O 

CO 

M- 

Ol. 

., — 

(U 

cu 

CO 

•  1 — 

+-> 

CD 

^  o 

4- 

^B 

CU 

CD 

03 

CO 

+->  T3 

o 

•1 — 

o 

E 

2 

s- 

t-~ 

O 

E 

JD 

-E 

ct: 

x: 

CO 

$- 

CU 

CO 

03  •!- 

O 

^i^ 

■o 

E 

S- 

•  1 — 

•.-    CU 

cu 

Q- 

o 

4-> 

>> 

Ol 

E 

cm 

O 

o 

E 

-M 

, — 

+-> 

CU 

o 

s- 

+-> 

E  +-> 

as 

o 

03 

(U 

+J  ^ 

CD 

Cl. 

CO 

CO 

iA 

-o 

O 

E 

JD 

• 

CU 

o 

o 

-o 

f— 

cn^ 

o 

CO 

CO 

E 

a» 

o 

S- 

> 

>> 

E    CO 

E 

3 

cu 

<u 

+-> 

<U 

s- 

E 

•  r— 

E 

S- 

o> 

CJ 

S. 

E 

CO 

cu 

E 

-o 

r—     CU 

O 

cu 

S- 

(U   -r- 

OS 

00 

1 — 

E 

(J 

M- 

E 

o 

E 

+-> 

>,  <u 

E 

>, 

o 

(O 

> 

E 

<a 

o 

-o 

1—     CD 

as 

+J 

■o 

CO 

o 

1 — 

cc: 

•1— 

<a 

O) 

o 

(T3 

o 

CO 

CO 

-^ 

<Xi 

E 

>>■+- 

i. 

-E 

•  1 — 

E 

S- 

•.-     CD+J 

E 

E 

-M 

"  JD 

4- 

c 

Q- 

E 

r— 

o 

•  r— 

(D 

-E 

fO 

E 

OJ 

o 

+-> 

u 

4- 

CO 

cu 

S   :3 

(O 

^mmM 

(O 

OJ 

CO 

CO 

E    rJ  TJ 

• 

co 

(U 

in 

^_ 

m 

<L) 

o 

(TS 

CO 

Cr>C_> 

., — 

-M 

CO 

u 

aa 

r— 

CU 

•1 — 

O    Q- 

E 

CD 

x: 

(J 

<U 

o 

O 

o 

>1 

jz 

S- 

^ 

-M 

E 

o 

•4-> 

o 

E 

CO 

o 

Q. 

CO 

> 

x: 

•r- 

03 

^ 

CD 

•1 — 

s_ 

E 

•  1— 

•1 — 

J2 

■o 

Q.-Q 

CO 

-J-J 

+-> 

CO 

(T3 

*« 

-t-> 

a> 

(O 

o 

03 

CO    cu 

r— 

• 

^^ 

+J 

^— 

+J     00 

1 

3 

M- 

O) 

M- 

-t-> 

O) 

•r- 

CO 

(U 

cc: 

>, 

cu 

D- 

E 

.—    E 

CO 

CJ 

4- 

CO 

o 

en 

•r-     OJ 

+-> 

3 

o 

•r— 

+-> 

3 

•1 — 

0) 

en 

+-> 

TO 

CU 

2 

O 

3 

-M 

cu 

E 

-1-J 

o  o 

cu 

CD 

O 

cu 

> 

E  TJ     S 

CO 

^ 

x: 

+-) 

3 

cr 

+-) 

JD 

E       • 

., — 

E 

E 

C3" 

CU 

E 

cu 

03 

cu 

JD    O 

.E 

E 

-g 

s- 

E 

CU 

CU 

£3- 

+-> 

E 

o 

OJ 

E 

fO 

•r-     i. 

E 

<u 

-M 

O 

cu 

CU 

x: 

CO 

o 

-E 

-M 

jr 

E   r- 

+-) 

CO 

o 

•  1— 

+J 

-M 

5- 

1 — 

cu 

<U 

-C 

CO 

OJ 

-E 

■^    CU 

CO 

E 

E 

a: 

-M 

s- 

■4-> 

+-> 

1— 

t/0 

+-) 

>,  cu 

-M 

CQ 

•1 — 

4- 

CO 

TJ    1-" 

O 

S- 

03 

S- 

•1 

+-> 

•f— 

Q- 

CO  "O 

, — 

O 

<U 

+-> 

O 

cu 

CO    2 

-o 

CO 

o- 

CO 

-D 

CU 

5- 

u_ 

cu 

fO 

u 

•r— 

S- 

o 

r^ 

•I-    S- 

-E 

x: 

Q. 

O 

> 

E  -O 

-M 

-a 

E 

', — 

cu 

4- 

E 

S- 

■r- 

Q- 

*» 

• 

oo 

2 

o 

LT) 

ro 

_1   o 

ca: 

3 

+-> 

O 

o 

S- 

. 

-t-> 

o 

cu 

• 

E 

-M    O 

03 

r— 

^^^ 

E 

O 

OJ 

cu 

-E  = 

4-> 

OJ 

TJ 

CO 

CO 

+-> 

O 

(U 

E 

S- 

CO 

>> 

CU 

o 

E    CO 

€3 

CU 

4-> 

+-)       • 

CO 

Q. 

CU 

CU 

Ol 

S- 

cm 

CU 

ID 

Li_ 

•  1 — 

E 

E 

-E 

(O  1— 

CO 

+-> 

CD 

CO 

(NJ 

E 

CO 

CU 

+J 

'r- 

c 

• 

• 

• 

• 

<u 

E 

>, 

CO 

-o 

> 

o 

■—    (O 

CU 

E 

&- 

CU 

1 — 

•r— 

cu  I— 

2 

x: 

CO 

S- 

•r— 

r^ 

CO 

CO 

<* 

( — 

O 

Q. 

n3 

CU 

CU 

E 

z. 

-E 

Q. 

•  r— 

CU 

•  f— 

cn 

x:  o  -E 

o 

Z3 

03 

+-> 

4-> 

Dl 

E 

+-> 

s- 

O 

cu 

o 

CJ 

s- 

C> 

TJ 

1 — 

CO 

4J   XI 

+-> 

5- 

03 

S- 

CO 

o 

-M 

E 

cu 

rtJ 

X 

Q- 

., — 

CT)^ 

CU 

s- 

(/> 

rj 

•  1 — 

E 

S- 

OJ 

x: 

XI 

•f— 

E 

fO 

x: 

cu 

+-) 

cu 

fO 

X 

-E 

E   -r- 

Q. 

=3 

+J 

O  -E 

o  >,  o 

cu 

X 

•1 — 

1 — 

<c 

O 

CO 

+-) 

JD 

CyO 

.a 

-M 

LU 

S 

•r-    2 

CO 

a 

3S 

CO 

+J 

1— 

+->   C/) 

^ 

CO 

cu  < 

' — 

c/> 


o> 


>-o 


I/) 

to 

<a 

2 

lA 

•a 

UJ 

• 

4 

K 

I 

:>o 

q: 

K^ 

2 

^^ 

o 

>~- 

<ai-i 

»— 

•  <X 

a 

UJI- 

«s 

zuj 

:>3 

CDi- 

o 

t- J. 

ux. 

::> 

(J 

►- 

ax 

ox 

— o 

M 

l/lll 

UJ  M 

oil 

•  II 

O 

<x 

Q^ 

-J 

f_ 

I 

(/I 

a 

O 

<5 

X 

(/) 

•JC 

UJ 

•q: 

-J 

OJ 

•:3 

I  -I 

UJ 

z 

a: 

=»o 

o 

•t- 

tno 

>- 

a 

CQOJ 

o 

31- 

Xt 

01 

1-1  i«: 

•  o 

1-1  i^ 

<i<j 

C/1 

Jl-< 

CO  u. 

to 

rz 

^ 

in 

o 

UlU. 

1/1 

•iO 

•a 

•  d 

Ul«l 

►-> 

OQ. 

q; 

CDI 

liJ 

UJUJ 

•  UJ 

=>a 

■,"= 

u:*! 

l/ll/) 

d 

^ 

-1 

cua. 

a^-i 

:3ta 

'^x. 

ujn 

b£ 

o 

?< 

a 

or 

u. 

<t^ 

<a 

<iar 

-~o 

•  z 

UJ_J 

or 

~UJ 

— u. 

ujo 

•  uJ 

o>-< 

•  1-4 

y-<3 

_J 

< 

•1— 

•  H-l 

ma 

za 

« 

iti 

-J*— 

•«1 

•UJ 

l-Z 

!/)•- 

ID 

OJI- 

—  U- 

Ol- 

3'y) 

»— h- 

com 

IOm 

a:  to 

—  O 

t-t(A 

•  II 

O  II 

XII 

C/1  II 

on 

OH 

UJ  11 

•  II 

<X  11 

el 

z 

OO 

OO 

CJ 

-ICK 

UJ 

1-1 

ti; 

touj 

-LUJ 

UJ 

LJ  VJJ 

•l; 

a; 

UJ 

O 

OO 

•  2 

i  □ 

1-1/1 

uJ 

*— 

—  Q^ 

t-i 

2>-l 

z 

x^ 

•en 

to 

X^ 

H-»<T 

caa 

—  UJ 

om 

:>»-t 

•  UJ 

t/luj 

lUJ 

1-1—1 

2£  -J 

•-iiD 

3  VI 

(TJi 

•ircD 

•  15 

CEd 

zto 

cirQ 

<a  II 

O  II 

J  II 

U)  II 

<->  H 

1-1  II 

It 

ii:  —         —         wi/iQ-JaDCt         —         «i         —         — 


1-1         1-1         :3 


ruj 

•IT 
Zt- 

l-( 

ua  r 

Mui  :d 

U.  d  > 

Mio  o  t:        I 

V-UJ  »-t  UJ  3  O 

Zh-i  Q/  toxixrt-d 

uio  a  z:DOz>r)«it- 


a'i-ii-ii-iK-itovujZ(VUj^ 

OZZZZi-lC/lt/'OUJt-Z 

x<<i«i<(i:'auj_)^         zz) 
•aoooooODuji-ii-ia 


o  o 

Q^  a: 

>-  > 

Q.  a 

o  o 

a:  a 


•  ui  _i  a  «       o        1 

LO  >-l>-Or«I<I<Icia<JUJ_IZZ3LiJ>-l<I 

LO  uott:<roooooQauj>-i>-'Q-Ot'ato 

TO  UJuJOt5t300t3000(J>OOOtDt-30 


(D  O 


ci       o        CI        c"        (Ti        o       c         c        r        c~i       ci       (n       c^        <n        o       o        C'        c:        o        o       ci 


o 

o 

o 

o 

CI 

<D 

o 

h-l 

r-t 

I 

I 

I 

X 

X 

z 

o 

c 

o 

*-» 

t> 

IaJ 

> 

» 

r> 

» 

» 

t» 

I" 

(n 

C-1 

<n 

C-. 

<n 

C"' 

(T 

;c 

^ 

;o 

;c 

X 

;o 

» 

CI 

Cl 

o</) 

K> 

-( 

o-D 

O 

;o 

OT) 

(-        t-1        l-l        I 


1-1        l-l        J» 


t-*xi>c^or~r~rnoz— ix>xxrnmj—  t»rn"03)£J                    t-t            t/)t/) 

oi-icDi.')mci~<n;cc>nii-im23f-;D<r>rT-,  i>c                    -<            t30 

<;d                    rTi(/5;oi/)mii-iczi/Ji-iMi-i  i>z                              i»                    m            nz 

Zi-<                                          u)i/)(-c-<>-i  l-l                              <;3             uiM 

-HO                                                                                                l-l|-(-I>l/l  </l                                             M                                                          -11 

HI        l-l                                                            i/i        j>        t>  I/)                                 mi-t 

(-  T)0 

f-  i-( 

»  -IZ 

-I  II> 

j>  mx 


II 

II  en 

-HI/) 

n-i 

T« 

OI 

C 

!-• 

;ox 

O 

mi-i 

Z 

no 

ii(- 

II  en 

x;d 

i:r- 

xim 

t»(/) 

►HO 

o-< 

-17^ 

z» 

CO 

rn« 

-t 

i/i 

:c— 

m 

XI 

(t 

ODO 

m 

mx 

3 

2" 

z;c 

m 

-< 

MO      II  l-l     II  I/O     II  m     II  II  III/)      II  (/I      MX)     M  II  II  c/1      II  l-l      II  i/i      no     ii  ii  X) 

oc/i     oz     om        c     T3i/)  X     i>m        i-i     i>i/)    a:j»     xm     ooz     -im        x     x)  c.t-i 

x)«       c:»       xi-<         o     j>»  r--<         m     x)»      i-i<—     »-<     "d»       t-<         x     m  i-y 

a  &• 


II  (/I 

M  XI 

M 

II 

II  C/1 

II  l-l 

II  t/i 

i>m 

l-l 

I>1/) 

I  J» 

xm 

l/)Z 

-im 

r--< 

m 

X)> 

l-ll— 

i>-< 

-D» 

T-< 

■D 

z 

o 

Z-l 

(- 

l-l 

Kl 

• 

-IX 

•HX 

r- 

t; 

Z 

z 
m 

O-l 

mo 

T)X) 

(/) 

m 

m 

O 

i/i 

CE 

CD 

m 

03 

IX 

CD 

m 

m 

z 

m 

l-IO 

mz 

z 

z 

-( 

z 

z« 

zo 

—1 

— * 

Cl 

-( 

-4 

-i-( 

<n 

o 

XI 

Cl 

m 

o 

X) 

XJ 

c 

;« 

;^ 

X  — 

I* 

I> 

</) 

» 

i»s: 

i/i 

C/l 

I/) 

(/> 

CD 

lAt» 

to 

c/1 

<I  t-H 


O-  CJ 
-IX 


O  II 

>- 
a. 


•  o 

UJ 

-JX 

• 

•UJ 

oon 

LU 

ctrr 

CD  II 

II 

>-*  H 

o 

• 

O 

X  K^  t-t 


(J,  (J  UJ  U  Q. 

^         ^         w         ►.;         ^H 


_(  J         _/ 


CD 

CD 

CD 

CD 

CD 

CD 

73 

PO 

;d 

;d 

^ 

^ 

O 

O 

o 

o 

CD 

OD 

O 

n 

2 

> 

70 

X3 

03 

CD 

03 

CD 

CD 

CD 

7C 

;o 

;c 

X) 

XI 

XI 

O 

o 

o 

o 

o 

o 

2 

2 

2 

2 

2 

2 

C 

C 

C 

C 

C 

C 

w 

OD 

OD 

m 

70 

TO 

X) 

TO 

a 

2 

2 

t— 1 

2 

l-H 

I> 

M 

C 

IN) 

I> 

OD 

OD 

OD 

03 

X 

XI 

X 

X 

O 

tH 

h-4 

*-* 

XI        o         o 

o        <n        c 

M  X  -I 


X) 

XJ 

X) 

oco 

XI 

z: 

o 

O-D 

I 

X) 

r 

OT) 

t>  H-» 


l-t  J> 


TIO 


X/D 


IIC/l 

II  <r 

II  03 

XIO 

l/)-C 

t>t-* 

t>T 

r-oD 

<rr- 

oam 

-n 

t~H 

X!-t 

> 

o« 

CD 

z 

2 

XI 

rr 

o 

03 

2 

XI 

m 

o 

w 

0303 

!-• 

CD 

c:?^ 

m 

m« 

c> 

** 

<r 

o 

<: 

;oi- 

• 

j>j» 

2(n 

T»» 

E*  1-1'— 


II    -4 

11  C/l 

j>rTi 

to-t 

^cr 

r- 

mo 

o 

X)» 

c 

i-t  — 

(n 

o 

T 

t>-n 

CI 

■Z'n 

XI 

O  -I  — 


II  • 

M  c> 

II  to 

(1  O 

^«» 

OCT 

aci 

"D2 

1> 

txr 

Xl> 

:dx 

r--D 

—*• 

»-« 

J>. 

l-X) 

o 

(71 

HI 

m 

XI 

T 

X) 

o</i 

t> 

— * 

►-4 

E»r- 

C/1 

m 

CO 


o  f-  KH  ^- 


•  UJ 

•I- 

l-l 

aj«i 

q:  X 

•  LU 

inx: 

l/lOl 

Of 

z-> 

<J(_) 

li-i: 

O  II 

>-  II 

O  II 

3  II 

\U  II 

on  II 

13 

UJ 

</l 

X 

I 

UJ 

3 

•  Q. 

□ 

U 

O 

■Z.T. 

-I 

a 

>-lt 

ct 

ai:3 

•3. 

•  i-( 

UJO 

<J 

i-ia 

CD 

xor 

l/l  II 

UJ  11 

Qi  II 

11 

►-  M 

ii.        o     :^ 


jfL 

• 

>-_) 

»-H 

:r 

UJt/1 

(^    11 

t—  II 

II            ^/l   It 

l/l  _) 

•i 

vo 

(/ICC 

XJ 

oo 

t— i   M 

■yi    11 

-_)  n 

—        >-(/) 


luj  >.        (/I  c/i  r3  00 

<(/1  t/l  OOOO  Z(/)"Il/l  r/l>-ii-ii-i  "  _l 

:>-i  i/it/it/iouji—        ii,«i  i-ioji/ii/^  zzz^i-'O^s^-iJ  >-i 

jcj  rDi-i>-ii-iai/)i-zook-i-i_)OZ>(/ii->iuujui_)ofyrvi->-'rv 

<i.j  i-iri:  :rkjoi-ii-.i_(i-u  i.iyo  2_iT-rT^oof->7>-'ci 

)Q  (_5  Ct  fy  c^  >  Q.  rv  o  _i  :d  i-i  Q  ui  i-i  III         <l  f-^  C)  (J:  (V  f/^  I-  I-  u'  ---  lT 

ito  uiuJUJCLujt^r^o-         _jouT:oLOcro»—         *—         I—         Lijvof'jy"*-'—! 


Ol/) 

ox 

OTI 


2-1-1 


I>  (-  HI 


r-        o 


om 


-12 

mi 


—        o        —        — 


:o         —         — 


rn 

Ul 

-1 

c 

• 

TD 

m 

& 

TO 

II  E> 

II  o 

II  yo 

II  o 

II 

II  70 

II  -r 

II  LO 

II  & 

CDc: 

OX) 

t-t 

-□^ 

TJCD 

"TDm 

LOX) 

-nm 

2-< 

:n^ 

t>*-* 

z 

*-((— 

C^ 

I>f/> 

» — r 

t-t^ 

O 

o« 

com 

• 

z» 

XJ« 

oi- 

»-t* 

X) 

X) 

o 

oz 

** 

m 

■D 

l-t* 

:i~ 

m 

—1 

;^ 

!>• 

Cl 

f- 

"n  — 

(/I 

X 

tn 

O  — 

t; 

■n 

(Tl 

»-i 

— 4  0 

la 

rn 

XI 

m 

t> 

e> 

oco 

mt> 

m 

XI 

&• 

(/icl 

i: 

n 

■0 

-1 

:im 

m 

z 

t/i 

o 

i> 

i/i 

1-4 

'Om 

X) 

a 

C/l 

xjxi 

z 

z 

nc 

Ti-< 

o 

XI 

-•• 

mi-i 

o 

m 

mo 

rnz 

XI 

m 

II  C/l        II  XI       II  c- 


II  b        II  E> 


CO  -I  -< 


f 

1 

m 

X 

o 

II  t/1 

II  i-i 

II  t> 

II  c 

II  » 

m 

ODO 

IrtXJ 

XJ 

X)Z 

-< 

r-T 

MZ 

CD 

mm 

ex 

m» 

• 

m« 

mcD 
oz 


— ii> 

c 

xi<; 


DM    I 

I 


in 


•  Q^  CO 

LlJO  _I  < 


ao 

l/l 

a 

>- 

LU 

o 

•-IO 

_ll/1 

*— 

•  <x 

CO 

z 

;>u: 

liJO 

t- 

:>!£ 

•  >- 

UJO 

or 

•3 

IDO 

*» 

lO 

(T  II 

*H  H 

a:  II 

<I  II 

•  II 

O  II 

J. 

x«a 

X 

•a 

lO 

J-Z 

d 

t/i 

UJl/t 

Ult/I 

LUl/l 

h- 

on 

►- 

t-i 

o 

ujq: 

on 

mi/i 

ajd 

1/5 

z 

l-Z 

z 

z 

• 

XX 

_JO 

<l 

d 

q; 

rd 

«I 

mQJ 

< 

o 

q; 

LlJI— 

LUOr 

or 

XCk- 

xo 

cna 

a 

lO 

o 

I 

z 

l^t-H 

o 

UJO 

■-iji; 

-iJO 

•U. 

1— 

X 

Od 

Xcl 

ca 

ct- 

l-H 

or  CO 

<i 

(/)i-i 

«J 

z 

lu 

O-O 

OX 

Oi-« 

o<j 

Xd 

»-* 

•  _l 

»-« 

<a 

z 

in 

(/I 

<i 

ttti 

a  X 

l/l 

oa 

2 

<I<I 

z 

a 

• 

UUJ 

CO 

z 

•  x 

zx 

z 

(/, 

UIO 

a: 

o 

CK 

> 

i:  ^ 

•a 

-^t-l 

^ 

13 

oor 

<a 

u 

<^ 

o 

q: 

^ 

^w 

u: 

••a 

Jwj 

i._l 

l-UJ 

ct 

—  X 

u. 

•  >- 

li. 

UJ 

<I 

—  a 

O 

03 1- 

<1UJ 

<I 

o 

o 

•  H- 

i-i 

ZQf 

•  1-4 

3D 

u 

•  LO 

ai 

zz 

Jj>- 

—  3 

-  z 

cc 

030 

-1 

ODI-H 

Q-l 

i: 

en 

COUJ 

•i-t 

uJi:) 

ODlj. 

•  z 

•UJ 

•  ■a 

UJO 

<i 

h-KX 

za 

^  1— 1 

u.  z 

:><l 

_IO 

u 

^z 

^  _l 

»— 'j: 

tXlL 

o 

ari 

«IO 

Ult- 

«h 

r>o 

ox 

xi: 

.-^H- 

t-id 

Ol/l 

(/lO 

X(/l 

II 

oil 

—J  II 

t/l  M 

•  II 

X  II 

<1  II 

•a  II 

•  II 

u:  II 

O  1| 

UJ  II 

OH 

—  00  —  CD  —  or  —  _)_1_)_J_(QCC1  —  CD3>'—  —  OJ  —  —  —  —  X 


i:uj 
dX 
Zt- 


ixxx  z>        -D        ::>        1--        y^       >-•        <-> 

i-i-aazzornrari-ii-izz 


ao 
</)o 


O) 


(-r-r-i-r-(-r-r-i-r-r-f-r-t-i-i~i~r)ooj»i-i>-ii-ii-ii-i  ou> 

oo(no"noc-)ooocDi»»»i>i»i>-<ooii-i</5t/ic/i(/)i/i  otj 

r-r-i-i-it-o'-"'-'i>J»/0''';022i3X3;0H-iz-i-t'0-ii>  o-o 

c_ci  "0  uiisCTizo  w  rn« 

mmrrimrnmrnmrnrnmmmnrnrnmmmmmocDOOo 
rt-r-r-r~f-r-t-r-r"i-i~r-rr-i-r~oor)i>i-ii-it-i»-it-i 


t-H  t-<  ^ 


1-imaacDa)  cc  -i;o/*/h-i  £.  c/ico 

r>nccc  t>i>  i-i-i-i  i-i  orn 

-HOCCC  r-(-  rni»i>>  2  ihz 

cr-(/)i/)(/)  r"(-  o  &  m-< 

J>  i-c  ti 

M  m'-i 

■DO 

-HZ 

I»» 
mi 


c_        o  Tj  CO  ■&  -n 

n         r-  cz  t'  zt.  70 

■D  &  CD  l~  CD  C 

i/i        c  m  z  "-1  3 

00  z  o  <n  m 

2         C  (/I  z  c  z 


r-i3T>o<r«:i-a:~a3X)».-~        — 
li<c      no     110      II X      11:0      II  m     II  >-<      11^      II  II  II  II  X)     III-      II  II  (/I      lit/)     II 


XI 

-D 

0 

II  m 

II    M 

II  ^ 

I/) 

T) 

(Tll-l 

(— 

m 

t-HCI} 

• 

X) 

J>Z 

II  X) 

II  r- 

TIXI 

lyxn 

c-n 

l>rTi 

XII- 

ZX) 

■Of- 

0 

II 

II  • 

II  0 

c-n 

03  — 

oc 

■&• 

r» 

o<: 

"D 

XJCO 

o- 

fez 

zm 

7- 

Zl-H 

-<t> 

(/) 

mo 

t»c- 

•n 

C/II 

^«; 

c 

m-H 

a» 

XI 

II  0 

II  • 

II  -n 

II  • 

0x1 

i/i— 

(/)• 

X  — 

mTi 

m 

i> 

t» 

i/)» 

&0 

r- 

l-iGO 

m— 

l/)X) 

—1 

x:0 

XI 

-rrr, 

0 

-<o 

-1x1 

om 

xj 

-0 

-< 

X)2 

E> 

o« 

o^o 

mrr 

l>^ 

x^ 

i>ca 

l/l 

t> 

OX3     or"  r"X)»a>aj  3:73  •      r~«       co 

-<t-H     31X3  ;om  *•  r-i/)  ioi~ 


0! 

CJ 

UJ 

UJ 

J 

> 

>- 

u 

*-t 

u 

or 

>- 

I 

Q 

Of 

o 

IX 

_l 

UJ 

-I 

o 

LU 

t-t 

X 

►H 

-1 

Z 

I 

l/)t/1 

:i 

►-« 

=> 

C/1 

Ol/I 

2 

o 

o 

>/> 

I.<I 

Z 

z 

<I 

q: 

«» 

^ 

^ 

l-H 

Q^ 

—  o 

*-) 

3 

CJ 

a 

O 

MV 

C/5 

O 

r 

UJ 

UJ 

zz 

•  (/I 

o 

i: 

•UJ 

■> 

Ol-I 

-1 

x;:j 

>-<» 

•o 

-la 

o 

*-*!— 

to 

oa 

ujz: 

z<^ 

5^CJ 

»-_( 

_IC/1 

UJ  It 

i/l  M 

lO  II 

*~*  II 

oil 

II     1/1  tl 

-1 II 

Q£ 

»-< 

<x 

0^ 

3             . 

o 

<I 

a. 

u. 

> 

►— 

tD            _l 

X 

*- 

•  Do  U.  UJ           3           'u 

•  LUd  UJL1.0  t-«»L/)UJll.l/i 
(/)                                                              UJ             Ct             -*  U-                             C/j  ^        laJ            U.       •-■^ 

z         CD        LU  d         UJ  f>r     ouu               a  u- 

•  <!*—             Uj  UJ^--iU.  «__tU)^ 

CD                                          — .di—  i:>cto  u.     <iuj         o     — (/) 

•                                --^Od  (J>         iLi         t^       •a  >-«i*otn>- 

-^^^                    xarujo  (/)(/in     onuj  —i     — o        *i     i-d 

•  OJ          CJ          >-          i          UJ          _i          UJ          X  uja:uj>-Q:ujuj  >-<»c£          ujdO' 
z:i-iz>ujooLa_it—  u.     ujd     ujd     ckra  uj'^     _icd         t:     a:*j> 
<i  u      ck:  II      UJ  M      CO  tl      t-4  (I      •-*  n      an      a.  u      •-•  ii  u      i  ii      u)  ii      x  n  n      i/i  h      _j  n           n      od  n 
-joi—         <iXQ-<acLi:  •_i<io  •<3d          ••^ 
^t/>t/)>'^         —         —         <t/)-jLiJ>(/i_j:>'-'_j'- 


Zt/)£_3Z  Z»-lOCJ»-^t-«t-i 


ooooooa^f^rororooo 
aarackTo'CK        xrxxr^i:):? 


L? 

i-i 

>- 

<a 

o 

I 

q; 

or 

fV 

00 


m        m  OM 

O  O  OTJ 

o  m» 


M  HI  o 


Ccrn,oi>cr<<:Oo-<i-imoo 

x^M  i-'Tii/iv)c:rTirTi  om 

&l/)0  OZ  -1X32:2  i-tz 

t-<»»  «-<  x>j>(/i(/)  rn-1 

I/)  »  &  O  i-l  11  V)>-( 

r-  X  M        (/)  -11 

i-i  -<  m»H 

I/)  fl  "DO 

-tz 
x& 

m2 

O  O  CD  o 

3  MI.  m  < 

2  Z  O  CI  »» 

c  J>         I  o  » 


—         —  X)         —         CDCi/)-<-«xr-cir-rDi"Di~xf~ia:(-zz-~m 

2z«  (r>mi>ox)Oi-i«          i>.          ecu*  j>«  &i>«          ccxr- 

II  £>     II  i>  II          HO  II  z>      M  tyo     II  71     111-4      II  ^     II  m     II          II  <-      II          no  no     ii  ti      m          ii  — <     ii          ii  r~      ii  r~      ii          ti  — i     11-4      11  r»      11  'Z 

— ic/)     z  CO  3ta:     zc  z<z     om     on     ojz     X3^     00     ^         00     /O         —1^  00     tditi     00         r»c/)     co         co— <     a:—*     x        t/)-i     ^-4         o     t-»m 

t»x     ox  i>:t)     i-ii>  i-wi      :o-<     xjcd     m»       o«       nrn     rri         xt-«     m         rr-  •       t>-T3      t         r-«       x         i-i*       rn*       t»         -r»       o»           5c     r):n 

(-—     ;d—  z»       -tz  -<•       m        nz     J>         c         m<;     o         mz     ao«  on-omxLO-t&x            •]> 

r-— izo'Omz'^om*                  I                    -n  n(-ni-imx:-4-ii--(  —     x 

X     X  OD  i>         X3—  xiZ7;ox"D"n»-t-nn  -n-D;?Tjmmt>f~t»                   o 

-t»       m  i>  oi>i>                     f~m                     HHmT^mo  i-«  m                     rn;Dt-t                     i-to 

r>        X  -1  ^         (/)(/)  oo-nmo-nzi/ioi/ii  oti                   "nxzi-"n(-            •-n 

zrr     zo  fc         c/io  c/irrr.                    mooc/iorn  m-rirnt/)                              r"                               m 

z*          xcox                (/tx"n(y)                   c:                    c^  "nt/irnoo  "n"n(y)'nr~to 

i>        xm  CO            iM                ozrnO::Dm"nm  mocoo~nrnrnom  #0 

ot.     )>r-  z                c                  i/jcim                  m                  -n  crtcocmcococco  c 

X)0     zo  (VI               m-nomo                  co                  m  omcmt/ioomo  xrri 
i>z     zm                                              mc                                       ococmoccci-H 

com     i>  ;d  ct)                           com                    m                   c                    o  m  cmm                   m-n 

coiy>     o                                                        o                                 m                     m                     c  m  o 

X)  — 4                           c                               c/i                                         m  T 

»  I                           m                              o  o 

t/)  m                                                            c  « 


O) 


Ol/l  UJ  o 


UJ  O  "3        5tO  _)       t-IUJ       O 

on      nil      UJ  II      oil      OH      "111  n      u  ii        •  ii  ii  M  ii  ii       >  ii  ii      on      _i  i 


•  «=r 

—  3 

i-i 

• 

•  UJ 

•_l 

-JUJ 

•o 

•a 

V) 

L±.  X 

_I<I 

t/)3 

ruL 

CD(/1 

>— 

(EC/) 

^O 

UJ  II 

<a  II 

OH 

<1  II 

11 

O  II 

—  Q.  — 


n  >_i  1-1  O 


UJ  W  1-1  1-1 


ro 

o 


mmmmooooommmmj>t»ooo  oco 

-ncDi>'~-t;DT33r--n-Domo(nomT3  oT3 

cc»>-"rTirnrTici-i]>-t^^<:c^(-c  cjtj 

o  c  o  to  ;c  m  m* 


2233Z222  jt3t3ir-(-f-r- 

mmmrr^rnpifTimmrnrTimoooo 
i-|-f-i-r-r-r-r-r-r-r-r-(-r-r-i- 


c  -I 

e        1-1 


t/l 

(yi(/) 

IH 

T)C) 

(- 

mi-i 

r- 

om 

C 

i-iz 

3 

rri-l 

l/)i-i 

-<z 


II  t> 

II  • 

II  r- 

MC 

v 

OI> 

-<<; 

crz 

i/i(noo-D;cociornx»          ♦          o»           t..  r-mn 

lo     MX)     III-  MX  no  II  n     II  r-      112      (I  r-      ii -<     ii  cr      ii  ii          ii  x      ii          ii  3      ii 

yO       E>l-i      ^I>  l/ln  LnX  02      I&      <71^       I- &      om       33X)       H  X)           i;C       X           (-!•         X) 

1-1     r— (/>     o^  xnp  -r— <  t>«       t»2     mo     k-iT^     ^:d     mcD     m  -<         t»t>     m         — i         -< 

CD     i>m     oo  02  t-im  i—         ;oo     -<         — *o     ►-I         f>»      r"  m        xtz     /O         e>         m  ^     ;o»          co     — *o                ;c         t»        m 

2     cocD     ^»  X*  -<^  i-i        "n»      m         -<•      om     X)         i-i  o        oa     m        r—         o  i>            x     o«                 m         fr-i        f 

•  ?^*  -<  X— '  "n        o         ;d         r-         zx     om     o  :o        -<•       zt-i^  <n2r             x>;d                   t/»;Jom 
— '     J>*-     T  <-i:o                     momv-«»E»                     3^t>E»  5Dfn  tie*  — «i-4-ti 

m  o  xe  ;ooo                    xitjo  i/ix!i-i2;/i  >i-             -t     m                    i>m^-( 

o     oi/>     r-  2  mc"  z                    2ot>OCDO(/i-<»                    c/)  -<m  N!C/i                   i-i                    & 

•  zo     1-1  1-1  i—i/i  •-<xi-i2t/)xi302                    mr-;a  -<  r-<_ 
1-*  ;c    o  o  H-im  t»moi-ioo-<mr~i-i                  o                  -<  o  c: 

|-     on  z  o-<                r-zomr-i»o                    x;cm  Tj  z 

•  zee  O  X           1-1           O            2                 X'      1-lZ       2                           S>           -<            <D  m 

oz  X)  m        o        ;d        o                  oo    o                  oo        m        ;^  <r> 

x;^»&  f-                    &;dc^«x                    (/)<rii»  » 


m 

m 

c 

II  70 

II  ;d 

II  -1 

T3O0 

^i/i 

-4 

:o> 

o« 

• 

CNJ 


1-1 

a>- 

>- 

• 

X 

-1 

•_l 

o>- 

'Z3 

».x 

ax 

I_J 

{TIT 

•  13 

ox 

t-3 

•  _J 

UJ 

cr 

•-"i: 

<li-( 

I.I-I 

u. 

X 

>- 

■a 

_i 

— ;j 

u 

•  _l 

^^t— 

CO  «t 

.-« 

•  _i 

—  o 

CDI 

•  X 

^ 

• 

a)_i 

>-o 

UJ_) 

»— o 

iy)_i 

Ur 

UC  J 

» 

LUO 

o;i: 

l-U- 

UJ<I 

OL 

Z)Q. 

z 

(/ii: 

X  II 

3  h 

UJ  II 

Oil 

X  II 

»-<  II 

•a  M 

o 

z 

z 

1— 

>— 

QC 

;> 

tyor 

VUJ 
CJCJ 


>-.  H  1-1  I 


—        —        —        cc 


J>  — 


M  ►-.  l/l 


t-<  d 


OXI'CTJCnof"  T32OOJ»&l>(riOZO;/)C0T)O3OOO  OTJ 

o&;Dior-mi>>-"i>i«^tjr~r"r-2>-iT30j>oi-ii-ij>j>  o"0 


OCCCCC  I»I»I>I»&&E>l-ll-ii-ll>I>000 


Z/DZCc                  i>&                  u)                  ai        d        <r>        I-        o         t3        -o  ;/)i/i 

OOr>2I>                          CZ                           -i                          HMt-il-lXl-li-l  "DO 

^r-^i_i-i                   C5         0                    i-i                   CO         -r\        a         T>        o         t-         <-  mi-( 

mmmm                   cm                    o                    z>-inio-(f-r-  om 

zr^zo                  2(/i                   I                  rno2rTioi>»>  i-tz 

i-ize>&                               -I                    c:                    xjc-tc^x)^  m-i 

ZH-im                                       2                                       j>r-''i  -n 

t"        (/)        i>                                       c                                       2                  m                  r-  mi-H 

3                                                    C                                                   O  -DO 

3C                                                   JD  l-l 

3  XI> 

mi 


o 

rr 

II  o 

II  r 

Tj;! 

■D-l 

»-tf/> 

mT 

^  —1 

z« 

c» 

z 

II  •       MM     II  II  !i      1!  CD      II  II  II  II  -I      II  r-      II  II  II  II  II .       no      HZ      II  M  II  i/i     II  -t      II  ;d 

O—      XZ       -I  aO  •         I>  — I  ISI      o-<      O  ^  O  TJ—       7Z1       J}-t  T)  I  o  l-l 

o         m.       h-i         -107  I—         »-i  •       £»•       i>         m  t. 

i-i    m        i        -<;^  -OH  ■a        z        m  z 

3;C      D  O  !-*•  I-I  O  O  1=  O  I> 

Oi-t  -*         i>i-i  z         -I  I—         ;d  XI        I—         -< 

z:^  T^  mT  i-i-<r-j  -<         -rm     crm 

•-<□  -<  20i>  <rv         i-iX)         X 

^  -I  J>T!7:;ri-«o 

m  _,  M  E>         i>  t>        I-         xio 

i^i  i-»3  OLOTicom        i>x 

O  30  J>l/l-<t/)— I  t/ln 

o  -I  z  ri  t/io 

-t  X  »  ;n  < 

X  •<  ;d  »  . 

-<  -<  i/> 

I  (/) 

CI 

;d 


(M 


O  t/}                     in       •(/!         q:          <x         (/I         to                                             in 

lA                             I  «i                   <     a:<i        o        q;        (/)        <i                                       <j 

1/1                             a.  or        in        or     mor        uj        o        <i        o'                                       or 

Of                                         X  UJ            <3            UJ         'UJ            _l            ^           O           bJ                                                         UJ 

O                                   'OJ  3           Qi:           3      0^3           Q           _l          UJ          3                                                    3 

UJ                                  I(/5  yl_JO_l_l                        CD3_|                                                    _( 
«                                 I- 
O                                  ZO 
X                                     LUZ 

Q.'  aj*-* 

t  Q 

•  JC                         — o  z>        Q-     -JCi        z    ao        _i        _i     zz        z                          z           oo     as        — 

truj                 UJ         >-o  _i         —J     h-»t-4         z     cjct  >-(_>         _J     aj«i         <i      >-           •         cd         >-3     »-•         ->         oj^      _>Z3     uj         lj         uj         >-         vo 

(Dc/1               (/)        <iz  CD        <     oroJ        <i     K  ujcD        CD     i-Ho        o     UJ        a:        i-i        ujo     or        <a        i-ii/i     uii:     i-i        o.        u.        uj        ujx 

II          11      111     q:  II  II          II      CK  II          II     H- II  t/i  II          II     u:  II          II      I/)  II      oil     ex  ii     c/>ii     on      uj  ii     o:  ii      ►- ii      a:  ii      >-h  ii     ►-•  ii     vi  ii     in  h 

•ic/icDoc/ioaa. 
>        —        —        t/i        —        i/i        —        — 


o 

o 

UJ 

1/1 

CD 

_i 

^ 

zo 

CJ 

^ 

CD 

•a 

t-l 

z 

(_> 

>- 

-i 

O 

(/Ih- 

«I 

CD 

•  m 

-JCi 

Z 

ao 

_J 

_l 

z^ 

1  II  1 

z 

Oct 

>-u 

_) 

aj«3 

orm 

■a 

X«I 

UJCD 

CD 

l-HO 

q:  II 

II 

•-  II 

(/I  II 

II 

IX  II 

UJ 

• 

Z3 

<I 

• 

o 

—J 

UJlyO 

_i 

• 

CD 

00  <I 

l-H 

_i 

•a.  a 

I 

UJ 

■>iS> 

• 

2 

^ 

U3 

(_> 

1— ( 

-*o 

•  _l 

•»— 

« 

.^ 

2>- 

ai- 

Z 

q; 

□J  i^ 

->3 

UJ 

Ul 

I-I  (/I 

uji: 

1— t 

a 

q:  II 

►-  II 

a:  II 

n  II 

UJt- 
TTUJ 
«II 
21- 

l-H 

oa 

>-lUJ  «i  <i 

u_  d  Z         I-I         <         <x 

l-IC/1  C/l  t-l  <J  !-•  «3_)rX 

i-uj  t/irs  Ii  in        iA  _ji-ii-in  nOni-i 

Z>H  31—                                                                        <IUJ<I                           C/>l-l                          0»-l»-Ht-^                           Q^U-_J— I 

UjO  ZCJ  a                                      OOt/11-iUjZ                        U.^br'^l/IUJ'-'-'-' 

l-IUJ  l-lO«T  yd«t»-I^O>-rVI-l<T»-t(Jf101-«-l'1*-l*~' 

OQ-  VCDfy  I-|_J3I—            <ICEfflQ.U-*-fc-l-*^-ii-'-JOncj5CJ 

t/io  >uju.  ac3Lzo_f_iZirzci^Qr(/it/)c/i>-iz««a<5 


•  UJ 

ci; 

ao 

3 

Q.O 

UJ 

VIO 

-1 

•0 

a 

■D 
O 

-0 

a 

o 

s 

-0 

M 

->l 

■0 

o 

■0 

o 

■0 

O 

OU) 
CXI 


•-I  I>  ^-»  »-t 

o         z        (-         "n 

I»  -H  1-1  o 


mi-H 
■oo 


m  (/) 

X  -a 

M  1-1 

o 

c 


c= 

—1 

j> 

t> 

hH 

i> 

c 

II   -4 

II  T 

II  to 

II  (/) 

II  -1 

II  to 

II  -1 

til 

"DCZ 

m 

-11 

too 

zm 

-DI 

&0 

1-1  XI 

-< 

»-*• 

►HI 

o-< 

XIO 

ZX) 

ZCD 

z 

too 

o 

1-133 

Ol/l 

m. 

03 

7^» 

O    CI 

zto 

CD 

*.<• 

m 

t-l 

l-l 

o 

m?- 

at 

75 

-< 

zto 

r-7 

X)0 

(-(n 

1— 

o 

(no 

mo 

<n-i 

crri 

h-t 

cr 

T> 

— 1 

mz 

z 

aj>-i 

CD 

tD-D 

(D-l 

m 

□D 

r-ra 

i-to 

r-XJ 

«I 

r- 

cz 

CO 

cm 

I>. 

tu 

c 

m* 

m;c 

m</) 

1/1 

i~ 

m 

o 

On 

or- 

oo 

c 

<n 

;c 

xa3 

D. 

m 

XI 

t> 

e>z 

c~-)f-  e>«cto— 1<  —         -itocEtox) 

i><a:»  •          t>o:Tjr>to;Doco-c 

II  to        II  &        no        II  II               (I  (/I        II  ;0        II  1-1        II  to        HO        II  1-1        II  :tl  II  O        MX)        HO 

zm         1/1     a:o  to     t/im     i~n  z     r-m         XJ     cnz     i"*-i  ^     t>i-i     i-io) 

m-<        m     XX  •       m-<     oro  •       m-<         i-i     o»      mrn  t~     f-m     z« 

<:           -<m»  E-zz  -1           dioi-izmxzi" 

r»m        *-     m— '  i     to        ci«  — i            z                od«  -<     i>»      t» 

ox                 r-  i-iT-i  m«ram  i—         z 

t>            o     m^  — lOOpn  ^                    r-Tt  (_io 

to          •        TOf  O      TO          'Z  2                c^     c          o 

Oio                     to  I     m         05C  f                     m  en         m 

(-;d        r—     cEm  o               c>-i  z           3     o        cd  i-        i— 

ci-i        •       f~-<  •       03        mr-  m     X)        r-  c        c 

mai               c  f~i-  a33or»c  mm 

OZ         I     m  c         31-1  r-             X     to         rr  o         iT 

;c»         MO  mci>  c«too  ^xi 

i>            -<     ;d  o        -13  m            —                X)  r>        & 

toot*  Tl— ito  o                                  t»  1/1         to 

toxto  x>o  ;ro                to  i/ii/i 

o     c/i  t/i        z  i>            •                 to 

•  to  tn 


in 

CM 


l-H 

» 

X 

u. 

o 

a. 

•  1 

l/Ol-H 

z 

u 

• 

•o 

>• 

i^O 

Lum 

IH 

-* 

:3 

zz 

zuj 

-I 

• 

>— 

OCD 

•a 

_i 

o 

UJd 

odq: 

•o 

a 

•  K-l 

■a 

• 

z>- 

«a 

or 

►Hl/1 

MO 

ii.a 

_i 

(DO 

—  q; 

Q- 

tl  M 

UJH 

II 

q:  m 

QL  M 

(/)ii 

-1 II 

II 

•  II 

(X  II 

a: 

CQ 

• 

o 

o 

UJ 

»-t 

• 

_j 

O 

J            O.       CD  Q;t-t             O                          •<-»(_)-*  C3<IQ: 

f   u3 »-     a.  <o.     — i:-.h-         •                   •-*—  Quj         -UJ 

:         t—     UJ  Q-Llj     >-X       •         _i         -i         —         _j          _j         >-  •or     cd         cd_i 

J       •_)     J-             UJ     ujllj     t/)         _»         lo         _i         i^         on         UJ  x  luo 

t     coz     *-  —a:     c/)-*     o         x         uj         «5         *_>         uj        t/i  3X     —         cot/i 

I      I- II      oil        •M      d  II      ^11      Oil      01 M      lu  II      :^  II      ct  >(      <a.  II  on        •  ii      «-*  ii 

<ILU— i:»X(/)CLiXiaDQ-^uJ-JCt 

x^h-axi  w^^www        —        w        —  t£)^^j) 


oa 

►HUJ 

u. 

ht 

Ml/I 

«l 

I-* 

(-UJ 

I 

ll. 

ZM 

M 

Q^ 

UJO 

Z 

O 

1-lliJ 

«I 

n 

OQ. 

z 

1/1 

I/1</) 

Ul 

ii 

o         *- 
_1         z 

O  l-H 


z:        l-H        1- 


o  o  o 
o  o  o 
o        o        o 


O 

O 

-1 

a. 

a. 

•  UJ 

Q.O 

K- 

3 

Of 

Q.O 

(/l 

t/l 

1— 

UIO 

o 

O 

o 

Q. 

a. 

Q. 

o  o  o  o 
3  r>  3  3 
Q.        a       0.        a. 


(\j  lf^  rj 

a 

V  _i  z 

_l  O  1-1 

o  o  o 

a.  Q.  0. 


<x 

«I 

< 

•a 

z> 

UJ 

=> 

(1 

a 

a 

a 

a 

_j 

o 

-) 

13 

3 

3 

3 

o 

o 

CL 

Q. 

Q. 

a. 

a 

CO 

U) 

U) 

to 

U) 

(/) 

trt 

(/) 

T) 

-0 

X) 

T) 

X) 

T) 

T) 

I> 

o 

o 

»~i 

I 

■0 

O 

"^ 

o 

CD 

2 

m 

z 

m 

X) 

<        f-        -1 


o 

o 

I 

X 

I 

^ 

yo 

m 

m 

m 

o 

o 

z 

z 

z 

a> 

w 

o 

o 

o 

o 

o 

■0 

■D 

■D 

r- 

(- 

I 

I 

I 

c 

c 

o 

o 

O 

Irt 

(/) 

I/) 

t/i 

o 

o 

o 

o 

oto 

CD 

;o 

-n 

o 

OTl 

o 

m 

f- 

O-D 

OD 

o 

m« 

C/1 

I/) 

(/) 

to 

o 

O 

o 

r, 

;o 

^ 

o 

o 

1-1  M  O 


M                     roZ                     m;or-                     oC-<-<-<oi>  i-irrC  mo                     m 

/O                  -<-(                  OB-i                  zcDtntito;Dz  :^;d-h  /Or-                  to 

o                  cm                  -iom                  rii»-i-^-«ot/>  M-<m  mi>                  -< 

M                             UJ/V                             r^            f4            AJ                            t^            -i            At            AJ            AJ           r\            ^*^  LJhHt/1  »            ^                            t- 

o                    J>3                    zr-z                    -nc>-<i-'>-ioz  moo  r-a                    o 

fTi                  -irn                   j>»-Ht-t                  oitxxxt-tt-t  to»-Hm  mm                  k> 

(/Ji>o-iti-nr-                                                    o                                          (-Z  /Oo 

i-is>(->-<                                                 m                                       r-to  iim 


-(Z 

mi 
-im 


o 

X) 

Xi 

m 

o 

< 

m 

r— 1 

o 

m 

i-t 

o 

o 

i- 

m 

t-t 

to 

c 

—        X)-«~irti--<i-toc_t_~        —        —        ~-.;d»»        —        —        a3r--»i-» 


no 

II 

i;c 

□  CD 

&»i 

mo 

f-4« 

o« 

XI— 

•c 

1 

(/) 

<n-< 

m 

xo 

m 

».XJ 

o 

to;D 

to* 

o 

» 

o 

o 

*-« 

?3 

o 

O 

« 

• 

II  lO 

II  z 

II  hH 

II 1-1 

II  I 

i< 

II 

Il-H 

^ 

&Z 

to 

OX 

<n 

cao 

ma3 

!-• 

m 

om 

• 

i-i* 

oz 

A 

(- 

;oai 

<n 

o» 

I> 

• 

o» 

w 

to 

m 

(- 

<n 

z 

t03 

o 

KH 

:d 

1^ 

o« 

TO 

i> 

—1 

c 

•D 

o 

to 

I 

1-1 

II  o 

II  -n 

II  . 

XX 

to* 

o  — 

fi-i 

o 

XI 

ZCD 

c 

mcD 

toz 

Hi 

mm 

m» 

X 

zt> 

7"^ 

TO 

c 

m 

CDC 

toc_ 

1- 

X)» 

D« 

—4 

t-« 

c 

J» 

to 

MO 

HH 

—4 

x» 

r- 

r- 

no 

M  M 

II  z 

\A7^ 

f- 

to^ 

om 

p- 

O 

nr- 

o 

o 

O  1-1      CD* 

ODC 
XCD 
»-«CD 

to» 


1.       f 

o     m 


CM 


<i        ^ 


<x 

o 

UJ 

(/) 

oi/i 

(/) 

(J 

<a 

a 

UJ 

UJ 

<1 

V}V} 

«x 

UJ 

cr 

o 

-J 

z 

CJ 

a 

q: 

«i 

OL 

-J 

o 

UJ 

Q 

1 

4 

o 

xa: 

o 

o 

Ul 

Q 

_l 

Ul 

UJ 

Ul 

UJ 

>-UJ 

UJO 

UJ 

UJ 

_i 

LU 

Q 

Ul 

z 

a^ 

a: 

a_i 

Ul 

•  _l 

ul 

•  o 

Ul 

(/I 

UJ 

z 

►H 

I 

I 

UIO 

UJ_I 

zo 

z 

10  UJ 

(/) 

• 

i/i 

UJ 

0. 

•1- 

•  t- 

UIUI 

I-IO 

mui 

l-ul 

>-a. 

o 

<a 

>-z 

UJ 

-1 

Q^D 

ao 

2UJ 

Oul 

l-HUI 

z 

<z 

•ao 

I 

0^ 

=» 

z 

<t 

Q.2 

az 

t-2 

OUI 

ctz 

< 

X 

oro: 

o 

o 

<IO 

»H 

m 

r><t 

Z3<1 

az 

o 

£ 

z 

OQ 

(- 

Ul 

aw 

U. 

3 

O^oJ 

q:uj 

U^ 

m 

in^ 

q: 

xa 

t-t 

_l 

u. 

-1 

C/7 

^ 

_i 

a 

q: 

u 

Ul 

UJUJ 

— o 

I 

o 

to  l-l 

< 

z 

(oo 

U3Q 

•  Ul 

USUI 

—  E 

t- 

I— 

•z 

UJ 

o 

zon 

X(J 

UJ 

UJ 

zui 

i: 

>-r 

t- 

.(/I 

q:«s 

• 

UJ 

•<I 

_>:3 

<J1-1 

•  Ul 

•  Ul 

ujj: 

a-J 

UIUI 

>-UI 

UIUI 

a:  1/1 

Irt 

I 

z 

or  a. 

OlO 

->0D 

zz 

ZZ 

>-)t- 

UIUI 

CO_l 

Ul-I 

QfZ 

oil 

11 

»/)  11 

11 

q:  11 

O  11 

•  11 

l-l  11 

n  11 

a:  11 

U.  II 

•a  11 

t/)  11 

3  II 

»- 

• 

•a 

• 

UJ 

•a 

1- 

QC 

0^ 

o 

t~* 

» 

«I 

I 

-I         I         •— 


OUI 

xz 


t-H 

>-o 

^a 

Ull/I 

.^  II 

l/Ml 

ZO       Ull- 

i-i  II     a  II 


—        -'•iz-itii/it-k-i/ia.        —        >►-        —        *'        — 


uit- 
rui 
•11 

Zl- 


H-UJ                                  OUJ=J  Z<<3                                                                              >-<<^ 

z>-i                     zat-  KMi-i                                              i-izz 

UIO                               «(/)0  OQDCD<IcI<ri-H2(VUJ 

»-tiij           (V*-otii  ii_yr>-»—        *—        c^ouio 

OQ             ujaQr_i  •-<03<r<r«TUJi:»-t-' 

(/></>             O-VOO  —•^^^^-^^^►-o 

(/lQ^»-tUJ  ^000'-'O_JUJUJ0 

•loaiz  ooooooujj_io 


Ul 

o 

o 

o 

CD 

m 

o 

o 

a 

ly 

o 

o 

a. 

0. 

C/1 

1/1 

•Ul 

ao 

</) 

or 

Q-O 

<t 

o 

too 

a. 

Q. 

(/) 

1/1 

r  z 

o  o 

o  o 

I-  h- 

C/l  (O 


00 


zi»i-"t</)-iioot-i>rTii<  oT) 

•Hf»i-iO"Dr-ni»c/»c/)2»-i>-(  o"0 


>-i       M        m       n       ;c        ^ 

M         IM  z  z  •-•  M 

zzmmi-i>-<rnrTimrTimmt-ii-< 

t-ll-lZZOO-4-«-H-l-4-H»> 
-<-l32X3Z3ZXXX 

>        i>  mm 

*       ;d 
c       c 


-H        I/)  c        o  c                  *»  c  om 

c       o  a       m  3                 3  r-  t-iz 

3         m  2  I/)  »  m-H 

Z  M  >-i  U)t-i 

«/»  w  -n 

mi"^ 

-DO 


r-        f- 

o 

X 

r- 

f- 

<: 

«« 

«« 

-» 

ID 

T3 

^ 

2 

(/) 

-1 

•          • 

o 

o 

• 

• 

i> 

f- 

1- 

;c 

C 

m 

I/) 

m 

O 

;d 

II         II 

II  m 

II  m 

11 

II 

II  t/1 

II  • 

II  • 

II I-* 

no 

II  TO 

II  M 

II  < 

II  X) 

II  *-< 

HI 

lA 

«ii- 

z 

z 

im 

1/1  — 

«* 

22 

-H^ 

-HI/) 

3 

LO 

ZM 

02 

z 

• 

mm 

1 

I 

r)-< 

•o 

o» 

i>«- 

;d< 

O 

^ 

»-l(D 

»• 

a 

2:^> 

fTl 

m 

r- 

►laj 

CD 

o 

f-« 

h-l 

2 

hH 

i-z 

m 

M 

c^ 

—* 

» 

> 

Tl 

^M 

m 

o 

(- 

(/) 

^ 

(-• 

m 

f 

m 

-( 

-< 

CO 

mo 

x> 

»-l 

m 

» 

1-1 

2 

2 

o 

2 

T 

c 

2 

-H 

-H 

I-* 

I» 

c 

x> 

-* 

-H-4 

< 

<n 

;o 

c 

•^ 

3 

2 

:o 

X 

-4 

;o 

»• 

t-» 

3 

l/l 

m 

i-i 

• 

t> 

!-• 

l-H 

-« 

(/I 

2 

m 

O 

(/> 

(/> 

7) 

m 

m 

2 

a 

m 

Ol 

m 

h^ 

-« 

< 

m 

1- 

CM 


C^      oo 


c/> 


(►> 


to 


t^ 


)-IUj 

^ 

lilt- 

<I(/) 

o 

1-1 Q. 

CEO 

-) 

INI3 

Z 

za 

•  ►-* 

• 

Lum 

• 

XX 

w 

^«i 

z 

II 

II 

oil 

Q:  II 

•  <i 

H- 

z 

>-_i 

-11 

1— 

UJ 

UJl/) 

X  II 

O  M 

Ct  II 

Z  II 

II 

<l 

O 

a. 

—1 

• 

^  l-CD      ►-  _  _ 

o  II      on     o  II     X  II     o  M     ct  II      z  II         II     <i  II     o  II         II     t-  II     o  II     z  ii     z  ii     u  ii     uj  ii 


•  o 

t- 

>- 

>-o 

l-O 

1— 

UJ 

UJCD 

•-  11 

O  II 

Zll 

Z  II 

I-  o 

O  D 

UJ  C 


UJO 

1-1  llJ 
oa 
(/It/) 


ao 

m 

<3 

Q.O 

-1 

<j 

t/IO 

3 

3 

m 

CD 

IS) 


o  o  o  o  o 

>  »  »  >  J> 

o  o  o  o  o 

;c  O  t-4  H  IH 


o 

o 

o 

o 

J» 

» 

E> 

» 

» 

» 

;n 

TO 

rn 

m 

m 

m 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

> 

» 

> 

> 

» 

» 

> 

> 

» 

i> 

0(/) 

o 

o 

o 

o 

o 

o 

o 

o 

CD 

U) 

Ol) 

c 

;o 

o 

o 

■-• 

> 

» 

» 

C 

7) 

t\» 

M 

u 

rj 

•*■ 

M 

ro 

u 

0< 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

» 

» 

t> 

x> 

> 

t> 

» 

> 

> 

» 

« 

» 

» 

» 

;d 

^ 

;o 

;o 

70 

;» 

m 

m 

m 

m 

m 

m 

m 

m 

m 

m 

f-       1-1       m 
»»       (-        -1 

<         M         j> 
i»        -n 

o 
r 
t-i 

> 


m 

m 

o 

o 

o 

O 

o 

o 

a 

o 

O 

o 

o 

o 

o 

o 

o 

n 

o 

c 

T3 

» 

o 

M 

1-4 

1^ 

m 

m 

c 

XI 

O 

n 

(-1 

& 

» 

» 

c 

70 

^ 

» 

c 

c 

V) 

o 

» 

z 

z 

U) 

» 

z 

z 

;o 

z 

z 

r- 

X 

c 

(/)W 

■< 

-D 

z 

CI 

"0 

h-» 

z 

m 

i/i 

M 

z 

o 

o 

o 

m 

■0 

IH 

03 

z 

■oo 

o 

(1 

z 

r- 

I'l 

o 

o 

^ 

» 

o 

-n 

l-< 

»-l 

M 

(/> 

-< 

-n 

0 

z 

rrit-l 

» 

f- 

o 

» 

;^i 

> 

» 

» 

7« 

o 

z 

z 

z 

o 

I- 

o 

C 

m 

om 

70 

r- 

z 

i/i 

3 

t> 

z 

M 

» 

z 

z 

» 

m 

o 

7) 

z 

C/l 

>-tz 

TJ 

o 

a 

H( 

I» 

» 

M 

o 

o 

» 

-4 

z 

o 

z 

M 

o 

m-1 

x> 

z 

l-H 

o 
m 
c/) 

» 

(/) 

M 
O 

1-4 

m 

z 
I/) 

</)t-i 
-n 

mw 

■DO 

1-1 

-«z 

mz 

-4  CI 

C  ■< 

o  z  < 

mo  » 

;o  n  X 

o  ;d  m 

c  >  m 


ft-nr-zr-zr-xzooior 
n«         •         c«         »»•         oi>mom« 

II  r~       H              II             II  -4       M              HO       II  II  I-  II  n       II  Z       HO       M  z        H 

<-4       t_              -»-(       I    o^    oi  zz  ^        m    o-t       m    -< 

o       •                T«         •      «•      r>»  i-i»  •         -<    o-H       -<    m 

Z                          33                  j>        f-  o  c                  f- 

1-1       I              m           CD    f-       ecu  n  d                 r- 

m              »          »    X        Zb  "Ti  p-                 o 

30                    O               w      m          ODt-l  X  I>                         z 

z               r-           I-     »        Ml-  c  c/i 

•                PI           rn     o        »m  n  OD 

■>              -<                       -<  -«  (/)                      o 

■n                 c/)       c/J  m  CI 

m       n  (/)  o 

c/ioom  cic/)  mz 

m                CI       CI  o  mm                            ^ 

o                 m       m  o  o                              •                          c/) 

ci  m  o                                                        m 

m  m  I                        o 

•  c> 


(/> 

C/) 

^^ 

z 

■n 

z 

;d 

o 

o 

r- 

i> 

m 

» 

• 

III 

III 

II  • 

II  o 

II  70 

HO 

II 

TO 

oz 

07R 

z 

zx 

a 

» 

m« 

z 

c-« 

• 

o« 

70 

z 

z 

• 

to 

n 

• 

X 

m 

M 

-i 

-< 

cs 

o 

X 

z 
z 

1/) 

hH 

m 

m 

r- 

to 

V) 

o 

m 

m 

-t 

CI 

•< 

o 

m 

m 

CI 

» 

X 

f- 

z 

^ 

o 

• 

> 

-o 

III- 

II 

II  X 

II  m 

oz 

oz 

CDf- 

70 

»• 

b« 

C» 

to 

I> 

1- 

X 

• 

-4 

iHcn 

CD 

** 

m 

-t\» 

1> 

« 

I-IM 

C 

■o 

xr- 

z 

o 

f- 

zm 

l-l 

» 

>-<-< 

to 

XI 

X 

i> 

m 

• 

m 

o 

to 

o 

to 

m 

m 

m 

o 

^ 


t/1         t-»  t-H  UJ 


<sa 

o 

CDUJ 

o 

UJ 

»-o 

•  I 

»-I 

Xt/) 

OH 

II 

O 

• 

UJ 

UJ 

o 

UJ 

o 

o 

O 

Q 

UJ 

o 

>-UJ 

>- 

1/1 

UJ 

LLli/l 

Uj 

(/) 

-1 

_l 

o 

>-ia 

1-4 

o 

>- 

•az 

•a 

o 

-I 

<n<i 

00 

-1 

• 

-1 

-1 

• 

_( 

r 

•  o 

•  z 

5i 

• 

l-UJ 

(yO 

xo 

ii-i 

o 

I 

>-v 

2 

11 

II 

UJ  M 

II 

O  II 

•HII 

on 

• 

O 

• 

o 

UJ 

i-t 

it         t-UJ     X.  I  UJI 

U  II       OH       -III  11       Z  II  II        OH  II  M       U  II  II       UJ  M  II       on        •-<  II       Oil       Of  II       OH       Oil  II       Oil  OH        Q:  II  II       <I  II        Zll 

<X00*-J*O«*<X>O»0UJ>-iX>-i  __  _ 

a:ttix_)0_JcD_(_ii;_ia)_icDXiuj2:-'_ix  xi_i~-o 


tu»- 
zuj 
<tx 
z»- 
n 
OQ. 
MUJ 

u. 

t-tV>  I 

»-UJ 

Zl-I 

luo  ai-<o<izoiri-i«i  ofi-iori-iuot-ioooi-iw 

Miij  >-        ef 

ua  o       UJ 

Ml/1  <>__.  ____.  ^___. .__-__  _ 

u.uj>-<a<tuJO_jzz2zouj<i<i«ujujiiJUjUJ>Hi-ii-Hr5 
u.ooxiii>-ii-ii-ii-ii-i-):^_i_i_i_i_i_i_i_i_i-i_/-i 


<I 

i-i 

•a 

»H 

<I 

« 

z 

z 

h- 

HI 

X 

to 

a 

<t 

<3 

o 

0? 

CL 

I-I 

-1 

o 

0^ 

z 

l-l 

I/) 

<t 

o 

3 

I-I 

o 

3 

z 

« 

4 

z 

cur 

hH 

1 

q; 

I-I 

Q^ 

»-4 

u 

o 

»H 

o 

H-l 

UJ 

UJ 

1*4 

1- 

to 

11 

o^ 

(K 

</1 

o 

frH 

(•) 

o 

-1 

o 

o 

O 

o 

a 

UJ 

UJ 

UJ 

Ul 

-I 

» 

:3 

l-t 

-J 

>- 

z 

o 

_l 

o 

1— 

^ 

I— 

z 

_l 

UJ 

z 

t/1 

QiO^(^QrQiC^Qi«I^Of(KaQ;ofl^QiO?QfQ^a:QfO:o:a^a='>= 

oooooooooooooooooooooooooo 

•  UJ  -I 

(Lo  Q[ruj>-<t«auJO_izzzzouj«a<<iuJUJUJujujt-ii-i'-iJ 

ao  u.i5uxixii-ini-i»-ii-i-ii^_i_i_(-i_)-i-i-<-'-'-'-' 

(/)0  <<«<<<<<<»<«t<i«i«a<<i<«i«»«i«x««"a<'*"* 


o 

o 

m 

o 
w 

O 

w 

z 
c 

z 
c 

z 
o 

z 

M 

z 

z 
m 

> 

> 

O 
70 

o 

> 

> 

o 

> 

70 

O 

> 

2 

> 

o 

o 

o 

j» 

> 

> 

0(/> 

X 

z 

1- 

o-o 

> 

» 

•< 

o-o 

*■ 

(\» 

w 

o 

o 

o 

I> 

x> 

» 

X 

A> 

;o 

z 

z 

Z 

c 

w 

(/) 

(/> 

■D 

-< 

-< 

-< 

(- 

r- 

|- 

n 

< 

< 

< 

o 

»» 

> 

» 

c 

z 

Z 

z 

r- 

►1  11  M  »• 


■0 

■o 

o 

f 

» 

70 

o 

o 

m 

z 

z 

CI 

-< 

■< 

o 

(/I 

o 

z 

H 

> 

m 

> 

;d 

z 

o 

•0 

i/j 

X 

» 

HI 

z 

z 

z 

z 

z 

z 

Z 

T 

z 

:r 

z 

z 

Z 

l- 

c 

(- 

o 

M 

m 

m 

» 

C 

c 

»-i 

m 

» 

> 

-< 

o 

C3 

<: 

CI 

c 

CD 

;d 

^ 

r- 

o 

;o 

o 

O 

Z 

(/I  (/I 

I» 

H< 

& 

TO 

» 

» 

o 

l-l 

-1 

;o 

-t 

;o 

;o 

CI 

"DO 

■^ 

ll 

l-l 

o 

t> 

•1 

O 

l-i 

o 

m 

o 

o 

CD 

niHi 

J> 

O 

o 

■0 

(/J 

z 

& 

O 

■0 

z 

o 

o 

-< 

r>m 

1- 

» 

X 

^ 

■t> 

-« 

o 

■H 

(0 

X 

m 

m 

i-iZ 

» 

z 

o 

m 

I» 

(/) 

m 

M 

■> 

TJ 

\-i 

m-H 

tfl 

70 

z 
(/> 

M 
I/I 

-1 

-4 

►H 

-4 
> 

X 

(- 

■n 

fTlM 

-oo 

< 

o 

m 

M 

to 

o 

•0 

-< 

m 

z 

» 

» 

1- 

z 

o 

i- 

o 

X 

o 

TO 

o 

(- 

CD 

Z 

f- 

o 

z 

o 

"Tl 

f-        z 

z 

X 

o 

z 

X 

x> 

M 

m 

• 

I 

j> 

r- 

m 

X] 

• 

O 

> 

• 

• 

t> 

m 

» 

•         & 

e» 

TO 

• 

n 

o 

MZ 

II  o 

41  Z 

II 

II  » 

II  r> 

II  z 

II  -H 

II  o 

II 

HO 

MO 

II 

M 

II  o 

MX 

1111 

II           II  o 

HO 

II  m 

II 

Hf- 

II  7) 

• 

I 

m 

I 

oz 

^ 

om 

IM 

z 

I 

-4 

07^ 

I 

a)» 

X 

zm 

m 

X 

(/)X 

Zl/l 

•» 

|- 

z 

X 

-< 

• 

I« 

• 

Ta-< 

• 

o 

• 

-H 

!-• 

• 

r-« 

• 

m-< 

to 

• 

Tt» 

mo 

• 

O 

fn 

• 

& 

m 

• 

O 

> 

m 

» 

TOO 

z 

OD 

z 

cim 

03 

C 

CD 

oz 

» 

1- 

-iH 

z 

• 

X> 

1^ 

ox 

b 

a 

I> 

xm 

» 

1- 

ni'H 

m 

m 

M 

</) 

z 

l-t 

l-< 

-< 

M 

X 

z 

-< 

X 

r- 

l/l 

r- 

f- 

(/I 

r- 

»• 

X 

IH 

wm 

• 

m 

o 

(/)• 

m 

m 

m 

r- 

t> 

z 

X 

(A 

-< 

(/I 
m 

o 

m 

m 

OI 

o« 

rr 
in 

> 

-< 

o 
o 
m 

-< 

■0 

M 

z 
m 

(/) 

{A 

m 

o 

CI 

(/) 

m 
a 
o 

</) 

moD 

oo 

oz 
mo 

• 

m 

z 
o 

• 

^ 


UJ 

1- 

»-( 

>— 

q; 

-J 

X 

1- 

NJ 

l/l 

*-» 

(/) 

z 

o 

2 

z 

Z) 

« 

•UJ 

a-' 

o 

UJ 

liJ 

t-_l 

>-Ul 

• 

oq: 

• 

UJO 

CD 

t- 

<^ 

l-O 

UJO. 

OD 

I3a 

z 

a.  II 

M 

-III 

Ull 

oil 

2  11 

O  II 

Ul  II 

_j 

»-* 

• 

3 

<x 

o 

u 

>- 

(- 

o 

a. 

JC 

I 

X 

m 

a 

a 

I/) 

X 

UJ 
UJ  19 

O  O  'UJ 

O  UJ  Ui  xo 

UJ  O  (/I  JJ      t-o 


UJUI 
O  II 


•  o 

j^ 

Ol 

X 

i^or 

I 

o 

I 

<->  II 

CJ  II 

>-  II 

Ull 

<i 

t-H 

a: 

»-H 

(/I 


ruj 
<rx 
zt- 

M 

UQ.  «             <3                             Z             (/I                                                              4 

t-lUJ  _l             O                             3            "-I                                                              _l                                                                                                                                                 < 

u.  «»M.3ai-J                                     _i                           i-<                                                        z«i«i<i<x 

t-ico  lZ(^o»-<                    a                    >-«i<ri-4                                          (/it/i«iuJUJUJUJ                   3 

t-uj  <ia«»Ot-o                  _)                  ih-cjc/i«i                   <iMi-it-OQoo<ia; 

ZM  h-uiX-JOL-a^OMai-ii-ioe/)                   »_Ck;_i2>-ii-<>-'>-ii-«o 

UJO  «toou_ujaruJOMOto<— ick'*-<<«>->-«oooooQr_j 

wui  (/io_i>-iriuQr'>-i_(zozooi-ia'(/i>-T'Q-Q.n.a-«so 

110.  <iuj_ia'ujujt-<t-(>^oa.ujZD^(/it-uj«i>-'ti'a;o^(yo-a 

(0(/i  >-<>-3«i<i«<iuj>-iOar>.i-t/it/iaxx'-'»-'i-ii-io 

ujix— iQ^ororaoraav-ai  

a.a.a.aao.o.aa.aa.Q.Q'i 


lA 

t/i 

a 

O 

o 

13 

o; 

q: 

a: 

a: 

a; 

Of 

Of 

a 

Of 

Of 

q; 

(n: 

0^ 

Q^ 

a: 

a^ 

cc 

or 

af 

(y 

< 

■4 

< 

< 

« 

< 

■a 

«i 

«* 

t 

4 

< 

< 

<t 

■a 

•a 

< 

o 

O 

o 

O 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

(SJ 

r^ 

u> 

vO 

(M 

eo 

<T> 

OJ 

M 

•  UJ 

ao 

UJ 

I 

I 

_l 

q; 

(^ 

a: 

Of 

0^ 

(^ 

0^ 

>- 

< 

UJ 

o 

o 

:3 

Q.O 

a 

a. 

a. 

a. 

a. 

Q. 

0. 

a 

a. 

Q. 

Q. 

a. 

or 

ckr 

K 

a 

QC 

MO 

<t 

<« 

« 

4 

<i 

«a 

< 

<x 

-x 

< 

< 

« 

<I 

< 

< 

< 

4 

o 

o 

o 

o 

-< 

-< 

•< 

-< 

t-t 

m 

> 

•0 

z 

;« 

^ 

m 

o 

r> 

o 

o 

•< 

-< 

*< 

-< 

"0 

X 

■0 

"0 

m 

m 

m 

m 

X) 

X 

70 

« 

c 

c 

c 

c 

«/) 

(/> 

(/> 

(/I 

o 

o 

o 

o 

o 

o 

O 

o 

o 

> 

I> 

J» 

> 

& 

> 

» 

> 

» 

c 

-1 

-« 

-t 

-» 

I/) 

I/) 

(/I 

w 

z 

c 

» 

o 

m 

-< 

c 

c 

c 

IM 

(N) 

r\» 

IN) 

vr 

«■ 

o 

o 

o 

o 

o 

o 

O 

o 

o 

> 

x> 

s> 

f 

»> 

E- 

» 

> 

» 

X) 

» 

;o 

» 

;o 

» 

;d 

;o 

X 

o 

o 

o 

o 

O 

o 

o 

> 

» 

» 

» 

fr 

> 

fr 

nt/) 

t/1 

M 

(/) 

1/) 

«/) 

M 

(/I 

Ot) 

H 

-4 

•0 

•0 

M 

1-^ 

»H 

o-o 

«■ 

(M 

M 

ro 

o 

O 

o 

o 

O 

o 

o 

> 

> 

» 

» 

> 

> 

» 

X) 

» 

^ 

;o 

» 

;o 

X 

m 

m 

m 

m 

m 

m 

m 

X 

X 

X 

X 

X 

X 

X 

CI 

m 

z 
c 
to 

z 

yo 

73 

-n 

E> 

•-( 

1- 

<r> 

(/I 

m 

/« 

-t 

X 

o 

» 

c 

(/) 

-H 

in 

-H 

C 

M 

(/) 

c  «         «  <  c  -< 

c-  M        m  »  2  c 

r-  /O        (/)  r-  i-t  s 

■0  ►-*"-»  r"  f"  c 

w  »j        o  i-i  &  f" 


■H 

(/» 

irt 

(/) 

l/l 

to 

to 

to 

V) 

to 

{A 

to 

C/) 

to 

m 

-< 

c 

r- 

<- 

-< 

-< 

-H 

^ 

T3 

-n 

IH 

►-» 

M 

z 

o 

uo 

OD 

OD 

-< 

TO 

tH 

m 

;w 

m 

-« 

3; 

o 

toto 

m 

X 

i/i 

Z 

■n 

1- 

» 

■D 

z 

m 

C5 

o 

c 

o 

-DO 

M 

z 

-1 

»-4 

c 

o 

z 

I» 

tj 

z 

-i 

X 

|- 

» 

niM 

f 

o 

;o 

CI 

i/j 

</> 

»-t 

•H 

■0 

CI 

t» 

m 

» 

-1 

om 

m 

o 

•1 

;c 

o 

> 

z 

» 

X 

m 

03 

z 

•H 

> 

MZ 

•n 

m 

o 

M 

> 

M 

-< 

r* 

l-i 

to 

I> 

m'H 

o 

TJ 

-1 

O 

■n 

r- 

i-< 

r 

M 

tOH 

X 

X 

i> 

» 

o 

1- 

M 

n 

to 

■n 

3 

» 

Z 

;q 

» 

to 

mtH 

t-t 

r 

</) 

X 

■DO 

VI 

i> 

M 
CO 

M 

-<2 
X& 

mx 

-4fT) 

c 

I» 

o 

• 

f_i 

II I 

II  X 

II  -1 

II 

no 

I»f- 

• 

-1 

-n 

I 

»■• 

CD 

r- 

X 

z 

• 

i> 

• 

m 

-\ 

o 

to 

n 

o 

■< 

o 

■0 

m 

m 

;d 

c 

C/) 

X 

3C 

OD 

X 

O 

X 

to 

(D 

» 

> 

O 

> 

» 

i» 

-4 

O 

no 

no 

MO 

HO 

n;D 

II  o 

II  t> 

M  O 

-K. 

-17^ 

-<— < 

to^ 

m 

■K. 

o 

—\ 

m 

;o« 

O-t 

n« 

•< 

• 

m 

-^ 

z 

» 

(- 

m 

-< 

M 

o 

X 

;o 

11 

-< 

M 

XI 

X 

c 
\\1 


o       ii  m 

ox  o 


o 

a 

■0 

X 

a 

m 

rn 

70 

i> 

m 

z 

II  z 

II  m 

no 

II  z 

m 

m 

tOI/) 

97; 

torn 

-< 

-< 

MO 

S'* 

M-< 

-iO 

i» 

1- 

m 

^-t 

I- 

< 

X 

&-4 

o 

CI 

W) 

(/) 

c 

M 

-0 

m 

m 

O 

3D 

o 

TJ 

fl 

o 

to 

Z 

m 

m 

to 

o 

o 

m 

• 

CI 

m 

o 

CI 

^ 


o 

a 

UJ 

^ 

l-H 

CD 

5i 

-1 

•  HH 

• 

• 

•  ;3 

j.^ 

cKa 

«^ 

M 

oc 

</ia 

mi/1 

>— 

a  II 

II     (x.  II 

•II 

II 

•  II 

UJII 

o         • 

UJ 

-1 

• 

-1 

Of 

-10. 

• 

v: 

2 

^Q 

UJ 

o 

<I/5 

(/I 

t-( 

»-l 

ZUJ 

• 

L3 

o 

Z 

•Ol 

-I 

no: 

or 

O 

1/1  j: 

UJ 

!/)</) 

-lUJ 

QL 

uJ 

o 

LU 

«« 

3 

o 

(/I 

•  (/) 

XI- 

• 

ijZ 

—  O 

h- 

Z 

>-(/) 

LU^ 

a. 

o 

• 

•_l 

o 

lUM 

o 

•r 

l/l 

U-U. 

«» 

1- 

EC 

•  z 

^k 

az: 

I-X 

• 

►- 

«a 

►-0 

X 

o 

CJ 

XUJ 

q: 

o 

•  X 

»-_l 

1— 

— o 

OIL 

q: 

o 

<IO 

M  II 

O  M 

•  II 

•  II 

l-l  II 

O  II 

II 

II 

0^ 

Q^ 

-I 

Q^ 

-1 

1— 

• 

• 

>-       »-_l  I- 

<  II        M  II  O  I 

Q::  O^  Q^ 

q:        —        —        —       ooD  —        —       —        —        —        _jo^_i        —        z        — 


3.;  (/I 

o 

(/>! 

O  II 

II 

Z  II 

uJ  11 

o 

• 

Ul 

UJ 

IU»- 
XliJ 


ua  w  t  < 

i-iUJ  »-i  3  UJ 

U.  Ivl  UJ  00           Of 

wt/)  I-  (/I                        O  1-13 


Z  «IQ^  UJI—  ^<^— J  (/)UJ«50  ►- 

M  _I3  OOO  l-_IU._l  tO_ll-t-l  Z 

D  3Q.ciyo<itflr3i-<iii  i-ii-ii/ia  a 

z  oo_i«iQ'»-r>>ot-  xo>-M  or 

3  •-l(y_l_IO«-IO'3lyO  <1<I_I(V  O 

Of  Ot-UjO<l3.«i<<0  I'iO'-l  ►-' 

<  <i<ic:iDz.oQ.a.a.a:  oua>  2: 


c/)(/)i/)i/i(/ii/)(/)ooi/>(/)vi3:i 

X>Hfc-ti-«i— ii-ii-it-H>-i»-fi-ii-(33 


UJ 

(/I 

lO 

►H 

M 

< 

<I 

LO 

3 

3 

I 

I 

X 

I 

a 

0^ 

u 

0 

u 

0 

UJ 

UJ 

k-H 

h-* 

0 

0 

0. 

a. 

^ 

-1 

UJ 

UJ 

V 

>• 

3 

D 

-J 

J 

0 

0 

0 

0 

Ui 

UJ 

<NJ 

•UJ 

(J 

(J 

vo 

0 

1— 

l-l 

or 

0 

0 

1.0 

to 

</) 

-J 

«a 

UJ 

< 

/JO 

>- 

> 

3 

=> 

_i 

_l 

0 

0 

0 

0 

UJ 

UJ 

000 

I  I  X 

0.       a       a 

000 


Q. 

o       o 

X  1-1 

_i       or 

UJ  UJ 


K 

a 

Q- 

a 

0 

Q? 

a 

a 

I 

<t 

< 

•a 

I/) 

I/) 

a. 

0 

0 

0 

3 

3 

0 

t-( 

»-) 

h-4 

0 

c_) 

^H 

r 

X 

X 

Z 

Z 

0^ 

UJ 

UJ 

UJ 

3 

0 

UJ 

X 

I 

I 

-) 

-5 

rj 

0 

fO 

f>J 

3 

i_^ 

M 

l_^ 

0 

0 

0 

> 

r 

X 

0 

Z 

<I 

Qi 

UJ 

UJ 

UJ 

3 

3 

UI 

X 

X 

X 

-) 

-) 

^ 


c 

(_ 

c 

c 

c 

t_ 

c 

(- 

c 

c 

(- 

c 

c 

;- 

c 

(. 

^ 

c 

c 

«. 

c 

(. 

(. 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

ni/) 

CI 

•»i 

■n 

-n 

-n 

m 

m 

m 

try 

rn 

rn 

o 

o 

o 

o 

o 

Q 

Q 

9 

(9 

OB 

CB 

» 

OB 

09 

» 

0*0 

m 

c 

t-i 

(/I 

> 

z 

z 

-n 

m 

■n 

OD 

-»i 

c 

t/i 

79 

o 
o 

o 

o 

o 

c 

;d 

o 

z 

SD 

> 

70 

<_ 

c 

c_ 

c_ 

(. 

c. 

c_ 

c_ 

c 

(. 

(. 

c 

C- 

U 

c 

c 

(. 

c 

c 

(. 

c 

(. 

«. 

c 

u 

u 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

n 

o 

o 

o 

o 

o 

o 

o 

o 

CJ 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

(/> 

(y> 

vt 

(/> 

«/) 

(/) 

I/) 

(/) 

t/1 

to 

</) 

(/) 

to 

(/> 

«/) 

«/) 

M 

«/I 

(/) 

(/) 

(0 

M 

(/> 

V) 

I/I 

v> 

o 
m 

i 

o 

■n 

-n 

-n 

■n 

m 

m 

m 

m 

m 

m 

a 

m 

c 

M 

> 

» 

3r 

3P 

-n 

-n 

-n 

-n 

s 

;d 

o 

f- 

i- 

f- 

(O 

(/> 

■n 

-n 

■n 

-n 

» 

m 

t-l 

o 

o 

iH 

tl 

c 

c 

c 

c 

r 

/« 

z 

-n 

» 

» 

-n 

■n 

U) 

vt 

i/i 

(/I 

m 

o 

(/) 

o 

-t 

-« 

o 

o 

c 

c 

c 

c 

■< 

w 

M 

;c 

c 

c 

(- 

f- 

«/) 

1/) 

CO 

(/) 

M 

»-» 

(/) 

z 

10 

I/) 

C 
CO 

M 

C 

c  c 

z  ^ 

z  z 

o  o 


o 

o 

o 

00 

00 

o 

00 

OB 

00 

00 

» 

s 

s 

R 

^ 

s 

R 

r- 

» 
o 

5 

(0(/> 

M 

■n 

c 

o 

o 

» 

■H 

■H 

-« 

1^ 

1-t 

■oo 

r- 

c 

X 

z 

X 

z 

M 

1-1 

•H 

c 

o 

mnt 

r- 

10 

OB 

1-4 

■< 

o 

O 

o 

o 

V) 

c 

om 

m 

c 

Ht 

c 

T) 

m 

c 

c 

c 

f- 

•HZ 

M 

(/I 

z 
c 
</) 

(/> 

X 

■< 
r 
f- 
c 

CO 

10 

(/) 

(/> 

> 
c 

CO 

UIM 

-n 
mM 
■oo 

M 

•4Z 

51 

MXomoo  MO  zoo 

>•*  o  /O       "ry       X  COB  o> 

H2>-nc                                   OB-H  Zf-  ■< 

OHOCZ                                   •HC  -1-*  » 

x>)H(/)z                        ;o(/i  >t-i  ;d 

mzr-cm                         i-i»  zo  m 

zcMboc                         "Ti-t  cc  rn 

c/ic/icotofe  cow  -^ 

M                                                                                                              o                      I/)  > 

M                                                                                »  r- 

c 

«/)  m 

•o 


(- 

CO 

r        CD 

m 

^^ 

X 

X 

f- 

m 

(- 

X 

^^ 

m 

o 

■0 

o 

o 

r- 

X 

m 

m 

X 

z 

«/) 

o 

■H 

•         c 

• 

m 

»H 

o 

• 

z 

• 

tH 

m 

• 

• 

IH 

o 

o 

• 

l-l 

z 

z 

M 

M 

c 

II  IH 

II  •         II 

no 

II 

II  z 

II  r- 

HO 

II 

lid 

II 

tim 

II* 

II 

H 

II  -o 

•l< 

II  «= 

II 

II  m 

HO 

HO 

II  1- 

II  r- 

1175 

I/) 

X 

X 

<n 

tO(/) 

^ 

o 

m 

o 

OC1 

ox 

1- 

om 

o* 

o« 

-^ 

CI 

(Dm 

m 

OBI- 

oor 

CO 

m 

C- 

• 

m 

m 

x^ 

• 

cs 

r- 

o 

c« 

X 

xim 

• 

ox 

o 

o 

o 

• 

or- 

r- 

too 

»o 

C3 

f- 

o 

-< 

r- 

o» 

X 

X 

X 

C3 

m 

c-< 

<: 

r- 

r- 

» 

i-x 

X 

r-« 

!-• 

• 

• 

X 

m 

z 

» 

X 

• 

X 

(- 

-< 

x» 

X 

M 

o 

c 

o 

>• 

• 

-< 

-< 

z 

;d 

• 

o 

o 

o 

fTl 

m 

X 

►H 

l~ 

X 

X 

z 

M 

Ht 

** 

f- 
m 

z 

z 

•< 

X 

o 

z 

o 

r- 
m 

09 
1-4 

X 

c 

o 
m 

O 

o 

o 

x> 

;o 

» 

» 

o 

X 

o 

» 

(/) 

X 

X 

X 

• 

-n 

CO 

c 
l/l 

(/) 

o 

• 

/D 

o 

• 

TO 

c 

X 

z 

X 

» 

c 

CO 

c 

CO 

1- 

;o 

X 

X 

z 

c 

(/I 

c 

X 

c 

X 

X 

• 

c 

(O 

r- 
• 

(/) 

I 

(/) 

X 

c 

C/) 

VI 

X 

X 

X 

X 

M 

I 

-i 

►H 

O 

-* 

X 

o 

o 

T 

o 
o 


CO 


X 

X 

V) 

to 

I 

3 

3 

(/) 

q; 

ac 

:d 

• 

Of 

•I-* 

oo 

Z«I 

• 

<ta 

a 

-III 

Q^  H 

o 

o 

•  UJ 

lO 

O 

o 

•  UJ 

(/)2 

^ 

z 

-> 

o:x 

►-  II 

3  11 

UJ  II 

It 

LU  II 

4 

to 

I 

• 

*-t 

on 

z 


>-l-l|-|i-|>-MMl/)(/)(/1  (_(/)>.t/1  t-O 

it-(/ll/)ZZZ(/lZ3Ii-i  wZU. 

t/)ZZUJuJUJ3ljJ2Q-tt-MtC/^l-lOt-H 


Zl-i 

Q 

»^ 

o 

UJO 

z 

_l 

L3 

MUJ 

UJ 

-J 

o 

OQ. 

t-H 

Ui 

_l 

V)l/) 

X 

X 

_l 

UJ 

o 

UJ 

X 

X 

i; 

>-(  1-1  Z5 


00 

l/l 

t/) 

(/5 

00 

lO 

in 

m 

</1 

3 

3 

3 

3 

3 

3 

3 

3 

3 

o 

O 

O 

O 

o 

O 

O 

O 

O 

z 

z 

z 

z 

z 

2 

z 

z 

z 

3 

3 

3 

3 

3 

3 

3 

3 

3 

-> 

-5 

-> 

-> 

T 

-5 

-) 

-> 

-5 

0-°  _____________  --_ 

Q-O  xxii-j_(xxzzzzooooQ.aofni'i 

<^<->  33333333333333333333 

_____  ____j-j_j_, 


I/O 

CO 

1/7 

LI 

3 

3 

3 

3 

o 

O 

O 

O 

z 

z 

z 

z 

3 

3 

3 

3 

-> 

-5 

-) 

-) 

o 

or 

or 

X 

o 

o 

o 

o 

3 

3 

3 

3 

T 

-> 

-> 

-) 

1/1 

t/l 

(/I 

1/) 

(/I 

3 

3 

3 

3 

3 

U 

O 

O 

O 

O 

z 

z 

z 

z 

z 

3 

3 

3 

3 

3 

3 

-> 

-> 

-> 

3 

4^ 

O 


;o 

;c 

-D 

-D 

z 

z 

z 

r- 

I 

I 

I 

I 

J> 

& 

i> 

C 

j> 

-< 

to 

-< 

<r> 

-n 

c 

£ 

(- 

z 
o 

o 

r- 

c 

n 

» 

w 

ro 

» 

;d 

-0 

"D 

z 

z 

z 

r- 

X 

z 

X 

X 

f 

*■ 

x> 

C 

CCCCCCCCW1-400C  Ol/l 

20ooooi>Nitor~i/)aD<  OT) 

Cf-i-io>&?ocox»i-i;ci»  OTJ 


f-r-r-(-r-f-(-i-r-(-r-f-7^^ 

CCCCCCCCCCHHt-iOO 

^JMlsrlM^M^>J^MrM^g^gr■f-a3a3 
ccc:cccccc:ci>j>x);d 
r-i-f-t-i-f-r-r-f-i-mmmm 


» 

C/1 

o 

-n 

I 

f- 

o 

c 

r- 

I> 

a> 

o 

x> 

m 

X 

c 

c 

□ 

X 

r— 

CO 

r- 

> 

l-H 

m 

m 

f- 

r- 

z 

» 

c 

»H 

CD 

i-t 

■D 

m 

z 

CO 

m 

-0T)XXOOOOOl>  CO  CO  < 

i-ij»ccr-i-ioi>J>;c  o  1-1  j> 

-DA)r-f-i><i:zX30  n  X  (/)  i/)i/) 

m<c-H-ta3i>o'D"Dc:  r-  "D  m  tjo 

/<j         i-H         HI         ii         >o         ^         1^1         fn         Ki         x>  r-  r-  •<  mM 

»-*"n"n-ni»K-<i>i/)co-i  o  H-*  »-«  om 

r-r-r--io  -<-»»»  m  o  mz 

XI  73  X  -*  (-11-4  m  C  COHH 

x>x>£>t>c/)co  C0(/»  "n 

r>  mi-i 

c  -DO 

r-  M 

»  -<^ 

x»» 

mx 

-trn 

O  3 

o  c 

36  r-  c 

o  -«  > 

»  1\  l-l 

I-  m 

O  -I 


(- 

I> 

O 

o 

« 

II I 

II  O 

II  o 

*» 

CD(- 

7^ 

cot; 

i~-.r-;Dao        —        -.        —        iflr-        —        tm-.».-»o        — 


;d 

00 

A 

^ 

A 

c 

c 

r* 

o 

m 

II  T3 

no 

II  • 

II  o 

II  X 

e;d 

X 

CO  — 

<: 

1:0 

>• 

• 

-D 

• 

MX 

r 

>-lC3 

^^ 

!—• 

"■ 

;^o 

r~— ' 

Tl 

m» 

2 
• 

m 

-ID 

J> 

I 

m 

T\ 

o 

m 

ICO 

c 

o 

• 

o<: 

r( 

o 

o» 

T 

» 

• 

m 

r- 

I 

0 

T3 

c 

z 

i-i 

110 

II  -H 

II 

11  T 

II* 

MI> 

M» 

110 

II  X 

II  o 

llr- 

-D 

CO 

IX 

X 

-n— 

I 

X 

l-t 

TIOJ 

I 

;^|- 

TJ 

• 

r»m 

T 

t~t 

1- 

0 

yo 

r-. 

r- 

oo 

m 

►-i-< 

• 

mo 

m 

0 

0 

• 

OD. 

*^ 

;o» 

** 

!-<-> 

z 

0 

^ 

x:  en 

»* 

TO 

-< 

o. 

03 

70 

m 

m 

0 

0 

• 

C 

T 

:caD 

X 

f/> 

m 

s: 

m 

z. 

*- 

CO 

t> 

►HO 

i> 

KH 

CO 

0 

t- 

0 

X 

cr 

■Z'Z 

0 

t> 

c 

0 

j> 

0 

Z 

X 

OTJ 

■K 

O  X     o 

c  c 

X  I 


3 

tt 

X 

-i 

m 

= 

3 

CU 

a 

X 

to 

3  • 

a:  z 

3  UJ 

o  u. 


o 

X 

I-* 

z 

a 

Ul 

or 

UJ 

-J 

LU 

•  iij 

• 

13 

• 

•i 

aa 

in 

m 

—J 

1/1  >a 

-lO 

-1 

II 

>-  II 

II 

i  II 

a:  II 

-1 II 

X  II 

• 

«3 

• 

3 

u. 

t-H 

< 

_l 

2 

J 

•XL 

Ql 

3C 

:> 

UJ<3 

— i«i 

• 

-J 

H- 

►- 

• 

t/>a 

(/la 

1/1 

>-o 

»-4 

I 

or 

•a  II 

II 

UJ  II 

►-  11 

<I  l( 

IX  II 

O  II 

Q-  II 

I 

• 

q: 

«x 

OL 

a 

*-i 

O 

ruj 

IT 


UJO 
t-iUJ 

oa 

C/ll/l 


z        z        ►-.        »- 

u  i-i  >-  (/) 


z 

Q 

L') 

(y 

t/1 

7 

UJ 

UJ 

o 

3 

Z3 

3 

3 

a 

a. 

a 

0. 

ai 

or 

Q£ 

a: 

0.0 

Q. 

« 

o 

ao 

Q. 

X 

o 

(/lO 

3 

3 

-) 

or 

or 

ac 

oto 
OT3 


•DO 


CO 


^         OO 


OA 


C^ 


C^ 


c^ 


c/> 


.LU  rt  ^  (VI  rt  ^  ^ 

>-o 


< 

• 

a 

iifZ 

UJ 

z 

^ 

z 

oo 

-> 

UJ 

o 

«i 

OQC 

o 

m 

o 

1/1 

ICD 

z 

OL 

X 

< 

«I 

UJ 

^ 

X 

I/) 

:> 

X 

•o 

UJUJ 

o 

UJ 

I-l 

t- 

^ 

2 

o_i 

•  t-H 

z 

•  «a 

• 

OOUI 

-11 

»H 

00  v) 

H- 

IX 

o:i 

•a. 

(/)  11 

»—  II 

oil 

Z)ll 

z:  II 

3 

3 

(/) 

o 

•a 

< 

oo 

> 

■2» 

_i 

oo 

>-» 

H-4 

-J 

U- 

•  2 

•  3: 

»~t 

~a. 

K3 

ai3c 

z 

XUJ 

UIO 

UJO 

<i 

l-UJ 

_>-! 

o_i 

:> 

t-lO 

•am 

<im 

ir 

x:  II 

X  II 

X  II 

'O      t/l  Z  ZUJ 

■O       — '  UJ  UJX 

11        UJ  II        UJII        UJ  II 


OQ. 

Muj  a:        X  III 

u.  3        D  3        :3        r> 

M(/i  <«i<i«a«i                             i_i(_<  «i                                                 zz>- 

t-uj  vit-itt't-k-i-                  d-j-i  _i                            ■*                  »i<az 

2>-l  Z_IUJ<I<l<I                             fcOOO  _l                                             C/)                             Ml-IUJ 

UJO  «ou._j_j_i        ou-u„  >-        t/ico        mcD— I 


z 

Z 

z 

z 

z 

z 

o 

o 

o 

o 

o 

o 

q; 

Q^ 

q; 

Of 

Of 

Of 

-a 

(B 

■a 

CO 

33 

05 

1 

< 

«» 

< 

«I 

< 

z 

« 

o 

a 

<i 

LJ 

X 

r 

Q^ 

U. 

-1 

X 

z> 

3 

OiMi-Hi-ii-^_i  _j>->-  2: 
aiiiixixio 
mooooooooo 


•  UJ  _  _ 

0.0  oa^<iLjxxxi-><i-ii-i 

Q.O  0^  U.  _J  X  Z>  3  3 

lA(Ji  ffl  CD  (D  CD  C3  CD  CD 


o 

o 

CI 

Ci 

o 

o 

o 

o 

X) 

» 

r- 

r- 

» 

E> 

» 

o 

(7> 

O 

o 

C 

o 

(/) 

^ 

o 

o 

o 

a 

a 

o 

o 

OM 

o 

1^ 

m 

m 

70 

;^ 

OX 

> 

> 

t-i 

z 

c 

c 

OTJ 

z 

o 

» 

m» 

Ci 

<r> 

Cl 

c-i 

o 

o 

o 

o 

o 

o 

o 

o 

C/1 

I/) 

00 

(/) 

01 

00 

m 

m 

m 

m 

m 

m 

X 

X 

;o 

X3 

w 

70 

<r 

ooooooooooi>j>i>&>Mi-<tHi-im 

ooc/)0oc/)ooo')oooooooooooooot/jooj>j»r»»z 

~^~~~  -i-H-4-4-tZZZZOorTirTi 

ooooocccc»i«  m 

iixii3:s:z:xcc  z 

rnmrnrnm  i—        r"  c 

O  O  I/I 


-no  TJTJO  CD  J3           7} 

oc  mrnj>  i-i  cr- 

mc/j  OOT}  o  oau)  oooo 

zi-i  )>»i-i  o  /u;o  -orj 

>-io  -^         -i        f-  r-  t>         t>  m>-i 

cj        ^  c        <z        I-  o  om 


I-  z  &  M  ll 

o       00  not/) 


-tz 
x» 

ma 
-4ni 


J^ 

^^ 

«1K 

^, 

„^ 

^^ 

^^ 

o 

<n 

(n 

CI 

-t 

<7l 

o 

TJ 

-H 

o 

■D 

X 

;o 

;d 

;o 

M  Nl 

II  ;d 

II  • 

II  C 

II  • 

1100 

II  C 

II  m 

II  m 

II  m 

II  m 

mm 

m 

t);d 

— < 

-0-X) 

-<m 

om 

00  nn 

m 

»-!• 

m 

o 

&(/) 

(M 

m 

&00 

&Z 

XIZ 

mz 

z 

<n 

z 

• 

|-I 

;d 

f-I 

r-m 

i>m 

t>m 

m 

-n 

m 

m— 

<n 

I 

m— 

1- 

z 

00 

r- 

^ 

m 

TO 

• 

• 

o 

K-i 

o 

^ 

&r> 

<» 

ta> 

t>TI 

i> 

m 

o 

i: 

o 

—* 

(71 -n 

<m> 

Cl 

rn 

r" 

• 

• 

o» 

<_ 

<_ 

o-n 

o 

i> 

X) 

'— 

tn 

m 

o 

oi« 

00 

(D 

i> 

c 

m 

•D 

z 

m 

m 

O 

<n 

i> 

o 

00 

?3 

00 

m 

XJ 

?o 

01 

O 

<n 

2 

3 

*-* 

• 

00 

n 

i-t 

m 

(/I 

o 

m 

h^ 

00 

en 

00 

XI 

m 

oo 

00 

r- 

m 

»-< 

xj 

— (m-4(n-4c«         • 
II  r>j      II  I-      II  IS)      II  ;o      II  rvi      II  -n      li  ii 

zm         f-     -nm        rri     com         ;o 
rn»  m     rn*  m     *-*  • 


O 

o 

z 

11  O 

II  o 

lie 

J>J^ 

t>^ 

-< 

TC« 

D« 

-4 

m 

m 

• 

X) 

z 

«^ 

t-t 

o 

x> 

-< 

I 

2 

oo 

o 

^ 

to 

» 

z 

o 

(/) 

-< 

■D 

m 

»  -<  T)                  m  r-  I-  o 

o  CO  I  o  M 

z  to  I  z  Tj  m 

o  o  M  r-  z 


oci±i 
t-o 

□  D 
II 


cr  II     uj  II     oi 
o        z        Q 
(_         o         — 


2  II        OH 


UJ  i-l 


C/l  l-H  1-1 


MUJ 

u. 

i-lC/5 
t-UJ 
Z<-i 
UJO 
1-1  UJ 

oa 


•a        ►"! 


a:        t-        I- 


0.0 
Q.O 


< 

to 

X 

UJ 

o 

•s 

UJ 

o 

1-1 

UJ 

t/1 

UJ 

Q:: 

(/I 

t— 

1— 

or 

o 

ac 

1-4 

o 

o 

o 

o 

o 

o 

o 

-) 

-I 

-I 

4^ 

00 


r- 

f- 

t- 

(- 

-\ 

(/) 

(/) 

CO 

m 

H-t 

m 

o 

Otfl 
OX 


ccccccccccccccccc 

322233Z3232X3X222 


-<i-i;Dr-oi-ii-i— (<i;oi-ij>i-ixiirn^o 
Mi—^r-mzP-^cmcH-iuoto^oi-ii-i 
i-r--HOzi/)zoi;w3:  mc3zi-if-Ti 


o 

a 

o 

o 

o 

o 

o 

o 

c 

n 

f— 

73 

c 

c 

c 

o 

I/) 

m 

i/)(/i 

C-) 

VI 

<n 

-H 

»-f 

z 

TJO 

f- 

r- 

r- 

C 

^7 

t 

rrn-i 

1> 

B 

r> 

o 

t; 

r- 

orn 

TJO 


zoo 
moo 
<        z        (- 

M  U)  C 

1-1-13: 

73  OD 


M  -t       II  —<       M  — <       11-4       11-4      II  II  II  &       II  Z 


O  Z 
XJ  1-1 
O      O 

o 

z 


0(/) 

mm 

oin 

m« 

(-• 

i-l 

-< 

c 

OB 

m 

mc_ 

^« 

>D 

lO 

r 

1-1 5r 

m 

o 

cm 

|- 

z 

2(/l 

m 

l-f 

-4 

B 

o 

i.m 

-n 

z 

l-IX 

z 

o 

OOB 

z 

CD 

H-t 

o;d 

o 

ZB 

:r 

1-13 

0(/) 

o 

-4 

B 

no 

II  • 

II  -4 

o^ 

Ol/l 

o« 

C_ 

c:« 

QfO      LU  uj  q:  • 

uj>-     cu        m        'oj        -I 

^  H       Z  II       ^11       ^11       -II 


z 

^ 

Q^:^ 

o 

O 

L30 

t-4 

>-l 

o 

»— 

X>— 

l-l 

i/n 

LU(/1 

u. 

>- 

>- 

»-l 

Q 

•  o 

o 

Z 

oz 

_i 

•  ct 

>a 

<a 

-J 

00  Q. 

>-o 

o'-> 

UJ 

1-  M 

<i  II 

II 

JC 

or 

•«i 

«>k 

MH 

• 

z«a 

C3 

<  II 

M 

Oil 

o 

• 

r 

11  X  •-< 

z;        a.        LLi 

t-H  >-  H-l 


_l  O 

Q.  I- 


ua. 
h-iiij 
ti. 

Zw  Mwi-ii-ii-ix;  <x  ,-, 

UJO  LiJUJUJUJ-JZ)  WLlJ 


l-l  t-t  o 


•UJ  a       a.       t-  t- 

0.Q  OOOOZ<IOi-<l-i 

Q.O  t-i-i-i-z)»_i>c/) 

MO  _l_l_l_l_l_J_(_l_l 


U1 

o 


z 

2 

z 

z 

z 

Z 

o 

O 

& 

o 

3 

z 

70 

-n 

fsj 

I 

& 

J> 

O 

c 

(/) 

o 

I> 

o 

» 

& 

> 

I» 

z 

z 

2 

z 

z 

2 

o 

o 

O 

o 

» 

I> 

TO 

I 

X 

X 

T) 

-0 

o 

c 

c 

c 

I 

I 

z 

2 

2 

3 

c- 

-t 

(/) 

;o 

o 

m 

■D 

m 

OOOOOOOJ>I>»»J>&J>>(/)(/)l/)l/) 

;c^;D;DixxT)"0"0T]-DO(ni-iiHi-iM 

OOOOCCCIIXIII>I>ZZZ« 


HH 

I/) 

z 

*-( 

z 

I> 

» 

2 

2 

</» 

I/) 

M 

t-i 

z 

z 

o 

o 

/<j  mt-i 

3  orn 

m  mz 

o  rn-t 

1-1  i/)i-( 


mi-H 

-DO 


ri3 
-im 


H  2  H-t 


502i:ir-i-u);cr-(-3t-Ci<n»«^o 

MO  II —<  II —I  no  II  II         II  ;c  11-4     II 

11  "0—1  0(/)  —IK  r>  m  INI     X)        < 

f-f  »•  :c»  T«  -^  z  •       o         o         -<•       cr         m         mz     oro     o         m         o         >-i 

ox  o  c  X)  m  <D  o 

i/io  i-irri  3  m  I  •  K 

oi/)  -nx  3  m  o  t_ 

^«  ii  o  I-  2  -b 

I-*  0*0  2  m  m  c/1 


3 

f" 

Cl 

<n 

^.^ 

• 

7) 

X) 

1- 

II  (- 

II 

II  > 

II  m 

II  • 

l-Ht- 

CD 

I-< 

xm 

O— 

-H* 

cr 

m 

mz 

OCB 

» 

<n 

i/i 

i/)m 

3« 

f- 

(~ 

-H 

-H 

3 

»-t 

r> 

m 

m 

o  n 

1> 

CO 

73 

XI 

z 

2 

01 

2 

2 

I 

(/I 

II  X 

II  m 

II  X 

II  en 

II I 

O 

;oi/i 

3X 

-13 

■no 

-nx 

X 

l-IO 

m3 

»• 

►HI 

K-l* 

• 

o« 

2« 

X) 

Xl» 

o 

IH 

W«- 

xm 

m 

a 

en 

O 

l-t 

mx 

r  (^ 

r- 

m'^ 

m 

m 

m 

3 

-n 

com 

o-n 

mx 

2 

n 

t-t 

(- 

hH 

om 

m 

-< 

o 

-nc/5 

-ncn 

-< 

o 

• 

o 

M« 

►HO 

-n» 

X 

r- 

o 

ox 

t-i 

rn 

OCn 

a* 

o 

2 

i- 

i- 

o 

m 

rTi3 

mc») 

1- 

o 

^•i> 

7 

m 

X 

mo 

m-r 

•^ 

OtD 

om 

m 

XX] 

x-< 

o 

m         t-(        »-H 


1-1    •  <I 


uiH-  tu    CD   loj    -I   (/la  >-o  ^L^    ui        >-     <i        Q-  Q.    r:«a 

^11   Z  II   ^11   ^11   -I  II   »-  II   <1  II      II   2  II   1  II      II      II   <3  II   1  II 

<        X        :x        1        bj        t        ct  tOQi  •  m        t-        a 


t-l  X  n 


t-UJ  z> 

Z>->  M  l-l  1-1  1-1  l-l 

UJO  UJ  LxJ  UJ  Ui  — J 


l-l  l-l  O 


r        r        r        r 

3  3  3  3 


•UJ  a.         Q.        I-                              ^- 

Q.O  OOOOZ<IOi-l>-i 

Q.O  l-t-l-l-3>_l>CO 

WO  _l_l_l_l_l_l_l_i_j 


U1 


o       f- 
o       o 


z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

— < 

-t 

o 

-t 

c 

00 

I/) 

1/) 

;d 

^ 

■D 

I 

»-* 

o 

3: 

z 

c 

-^ 

-0 

o 

s> 

c 

» 

m 

z 

Ol/l 

CI 

o-o 

m 

OT) 

rn» 

xxxrnrT^rTirnrnrnrTirTifTirnmmrTimnm 
mrrimzzzzzzzzzzzzzzzz 

i-<i-ii-i»i>i>>»>»i«c>i>9i>i>i>>&  m 


o 

^ 

;^ 

t-1 

I 

T3 

CI 

o 

X) 

;o 

» 

i-( 

i-t 

;c 

f-( 

"W 

a 

o 

I 

(/) 

T3 

t-t 

>-( 

M 

o 

tD 

o 

O 

7} 

» 

o 

m 

z 

-n 

■D 

z 

c 

B 

m 

1- 
o 

2 

a. 

ft 

m 

Cl          O          O         rg          2          -<  i/)i/) 

r-        f-        ;o        c        E»        m  -qo 

iM         n        o        »~         -^        A»  (n»-i 

"nooooooi>i-H  om 

o  -H  -t  -<  -H  m  M  l-IZ 

r-        j>        i»        s>        »        X        o  rT!-( 

1-1  I        m  i/Ji-t 

I»  »  1/1  -T\ 

r-  mM 

»  "DO 

t-l 

-t-z 


z 

I 

» 

m 

c 

■H 

Cl 

z 

•H 

r- 

m 

rn 

m 

i- 

z 

o 

t- 

c 

l>  *-1  -^ 


O  -*  -<  I-  -* 


» 

CD 

• 

»              I 

o 

II  l/l 

II  O 

II          II 

II  m 

II  "n 

oto 

z 

I><^ 

CD 

o-n 

o» 

o 

to 

m 

11 

1- 

• 

"DO 

:n 

m. 

D 

** 

J>« 

;d 

Cl 

I 

» 

^ 

o 

X 

m 

II  o 

II  o 

m 

XIA 

l/lO 

■^ 

&• 

175 

m 

o 

o» 

m 

a:  — 

3 

-< 

m 

o 
-DXI 

-0 

cm 

c 

t/jm 

■^      1-1  l/l  O  t/1 

c  -n  B  (/)  -<  I/)  (/i; 

ox  m  X  -<  -I  (/)  -<r 

•  I-  o  -I  o  -<  -I 


^^ 

o 

XI 

-i 

«« 

o 

-n 

X) 

■< 

• 

I 

X) 

II  m 

II  m 

II  D 

'I  „< 

HO 

II  x> 

yo 

-nm 

CD 

Xl^ 

ro 

-< 

^ 

1-12 

• 

c 

ox 

mm 

V)0 

o« 

^ 

r~ 
o 

x» 

I— 

o 

-n 

-<o 

XI 

-0 

c 

XI 

o 

c 

(/) 

"Dm 

zr 

(/) 

l/l 

cm 

o 

(/) 

-< 

ciz 

• 

-< 

-1 

com 

in 


-1 

•  »— 

o 

UJ-I 

•  UJ 

Xl-I 

o 

Z<I 

LO  V 

OC/1 

tr 

LUI 

t-   II 

m  II 

(1 

UJ  II 

<I 

►H 

• 

a. 

i 

U. 

_i 

o 

C/l  ~  — 

UJ  II        U  II        Ul  II 


o 

O 

CD<I 

a 

o 

u-X 

_J 

'OH 

<x 

_J 

a. 

—  ^ 

UJ 

o>- 

CL>- 

ooo 

u 

OQ;: 

• 

oar 

zn 

•a 

C/1I-* 

LD 

(J  1-1 

i-m 

i:_( 

>a 

ono 

^o 

UJO 

'^X 

—  X 

Q.O 

CKX 

•  H 

N 

•  II 

oil 

rii  II 

w  _  |_  —  —  X 


lUJ 

<x 
zt- 

(JQ. 

h-lUJ 


uiu 

oa 
1/1  (/> 


i:i:rxi:i:i:i-i.-i 

33:3Z)3Z>000 


Q.O      2Z<Iuj3i-iOi-i 


U1 


C  -(  -I  -I 


X) 

X 

X 

;tj 

;d 

;c 

o 

o 

o 

o 

x> 

i> 

m 

m 

m 

r- 

t- 

c-i 

c 

c 

c 

I-* 

Hl 

» 

-^ 

—t 

-1 

I» 

» 

r- 

X 

I 

I 

i~ 

o 

o 

o 

C 

CD 

DO 

Ol 

(/I 

1^ 

t-f 

n 

c 

c 

c 

3 

3: 

z 

zo(i)i/)i/)i/);o"D'D"OTJOz:iXf~r-r-r-AXi  CO 

c        &mcc'om-<cr-m;oco'-<-<-<iHmooo  ot) 

X  ;d       -D  m» 

oaojroro  f\)  f\jrorof\> 

a3CD0ca9OD0DCDQ9tSa9CX)CDCZiaDCDODro(S 


o                   j>o-*cz'-''/)cic:c/)rn2r"-i'Di»>-<"nzrrirnrn  om 

»»                 c;oi-i-iZ'ni/)i>r-Tj<n*»r->x  •-•mt-ixr-f-  mz 

z                   r"Z                    rne>r-i-i;«t>rnj>                   c-i                   -<  ^i-iwr-f-  m-t 

C                                    MM                                    W-tOX"D                                    ,«Z                                    ►-<                                    l~  »>                                                         MM  (/JM 

3                        (/)0                        Om;ci>J>                        ZtO                                                   f~  MM-Tl 

i>                   m         -ti         &                                          t>                                                     ^  mM 

Z           M  -DO 


rn 

m 

o 

z 

-4 

o 

o 

c 

HO       II  -I 


^ 

z 

Cl 

I 

2 

^ 

Z 

X3 

;d 

:o 

o 

c 

^ 

o 

C 

X 

m 

O 

o 

o 

II  r- 

II  —4 

II  m 

II  T) 

II  -< 

II  & 

iit- 

II  1- 

II  CD 

II 1- 

r- 

W-H 

oom 

X 

-4 

—4 

i/) 

o«- 

M 

(- 

K-* 

M» 

TO-y 

M 

« 

1/1 

• 

a)M 

7 

^^ 

z 

o 

Mm 

z 

• 

mz 

to 

z 

00 

r— 

to 

-1 

to 

** 

oto 
o 

• 

1/5 

I 

^^ 

,^ 

O 

CI 

f 

II  r 

ItX) 

II  • 

TO' 

> 

z 

m 

n: 

m 

a 

• 

1- 

** 

to 

■n 

• 

o 

TO 

^ 

o 

■< 

7^ 

o 

XI 

O 

OD 

o 

■n 

• 

r- 

m 

r- 

fc^ 

M 

(/> 

z 

r 


in 


z 

or 

■z 

^ 

2 

-I 

•  :d 

•  to 

•  ■a 

3: 

1 

• 

_3 

•  <I 

• 

•  «a 

•«i 

-JO 

XLU 

-jcr 

•o 

^/^ 

C/l 

•CD 

or  1/1 

o 

otto 

i-m 

rsio 

ou. 

OU- 

oox 

M 

►-  II 

^  II 

»-i  II 

a.  II 

i-i  II 

»—  H 

^  II 

to  II 

=)  II 

t-  II 

•a 

O 

O 

i 

o 

3 

Uj 

l-l 

o 

>a 

z 

X 

u. 

*- 

a 

z 

U. 

U. 

o 

■3. 

<_)0 

oJZ 
_IQ 

XZ 

o< 
on  on 


or  CO 
t_>i-i 
xc/i 


o  _i 

>-"  -I 

q:  i-i 

uj  a. 


zi- 


-iiij 


MLO  »-H>-lv-l                             t-4                             h-l                                                              O— ll~ICD_J 

h-tu  <                    c^a-Ck""*!-"                    21-1                               _j>-i-iOo«i 

Z(-l  ►-                          <lel<l>—           (/l<Il-il-l                                        U.X_(-JO-l 

Luo  «3:i-i_)_i_i(/i<ico_j_ii-i»H>-ia-j'-"i-io 

MUJ  «l(/l                       ujiii_l— J_l;iJ_JO^_Ji-it-<rKO«itno(_) 


t-l        1-1         «I 


z 

2 

z 

Z 

UJ 

aJ 

UJ 

UJ 

3i 

ac 

Qi 

yL 

Q.O  <»-izo3<<'<»oooa'o>-ii-' 

Q-O  jxuj'scoooooau.u-i^^ 


<JI 


oj>os">»coi-it-ii-<oiiir'iC3i-i>nii-t-H  otj 

zzzzzzzzzzzzzzzzzzzzzmrn 

i-ii-ii-i>-(i-(i-ii-ii-ii-if-((-i(-iMtHMH-ii-(i-iMmmzz 
ooooooooooooooooooo;o»»i» 

>!>»-(»-♦  m 

i>        i>  z 

c 

z 
> 
z 
m 


z-<-i-<r-r-<t/)t/);gj>i»j»-t;o'0  ;d  Z/O  i/jfJ 

{r^»-it-Ht-tCTt-imr)Oo2_i30i>r~  n  -hhh  "do 

"nooozi/)i/i»-ii-i-ni/)trti/)i-t-H>c  i-i  i-<  om 

of-i-i-i/ii>i-iaoot/ii/)i/)Oi-ii-i  X  m>  mz 

r-i-ii-ii-4                             -nmmf—        ooo>»>o  i»  z  m-« 

i-ij>i>t.                             OJ>*>i-izzzrTioi»  t/)  t/)i-i 

i»                                                           r-                             t.i-i(-4i-i-rii»c  1-1  -n 


II  b 

II  E> 

HO 

II  m 

II 

II  z 

^-< 

-< 

x?<; 

m 

r-o 

CDO 

I> 

r>« 

T. 

Do 

Xl» 

-< 

M 

m 

z 

o 

r- 

70 

<r»m 

I> 

m 

■< 

i-t> 

o 

ly) 

m-i 

(- 

{/) 

I> 

t» 

m 

X 

-n 

& 

» 

z 

T) 

;o 

t-t 

j> 

z 

o 

;o 

t> 

o 

o 

z 

pi 

» 

10 

II  o 

II  XI 

II  c 

II  CO 

II  m 

II  m 

X5« 

> 

—1 

Ol/l 

nam 

;Dm 

m« 

-< 

-1 

X* 

mz 

-<z 

& 

*- 

• 

E> 

-tm 

om 

-.cD-oz<n~a3i        —        —        i-<D(7iZ(~        — 

;d        o        c        c  ^        o 
I  -<      HZ      ma      H  -I      II  m      ii  ;o 

o     mo     oc/i    i~-<  m        *» 

ro      xj«       ^"r     rn«  z         -< 

•  o  t»  t>  fTl  *- 

—     bz'n  ;^i—    3oaj  wi-i. 

a<n-<  o  -ic;  >-izm  o        -n  — 

or"ni  x3  f~i—         ■r(yi-<;D  t>        r\ 

:^m  r>  o  m-*i>(/)  o  ;cr~ 

ot>r»;c  z  &  "OOb  z*> 

z-n73Z  o  "n  c  ;ci»  i-iar 

OZH  •  t-1C>Z^  I>X! 

•  i>i-io  j»  ;c;oi-i2  m 
x)oi>  ^  mzOM  oz 
Z  I>  2  11  >  o  oo 
M                                                           i-i                            o                  >                            xm 


II  o 

II  • 

II 

Ol-H 

-1 

C2 

r>(/i 

I 

Mm 

* 


If) 


Z3  (D  3 

ae  til  ee 

CO  u>  to 


z>- 

ujq; 


t-H  II      a  11 


•  •a 

-J -J 

C/KJ 

UJ>- 

ZO 

1-1/1 

et  11 

(/I  II 

OQ. 

»-*llJ  <  (/I  01  c3  <I  «I 

•-l[/l  »-(  ^  l-<l--l»-<l-l«3_JQZ<I«JZ<I«X'-*  *~ 

t— UJ  *H  >-i  ryQc[l'CkH-ir30<J^-4t-ii-ii~iOU>  *^ 

Zm  Od  I(/>>-l-h->-(/10_l>-tJ00Xi-<Cti-i>-iL; 

UJO  QTl-l  t-l-lOOC/Jt/ll/ldZcIuJl-ll-tl-iZJOOMl-itV 

l-IUJ  Isl  rV  ZZlLlUJliJUJ_j:3X_)->^'><lUlOC/1t/11 

oa.  030  i-tzaQ.Q_aLOciacooox>(.TuiuiLi- 

(/i</i  Ctt-  (/iuji:i:r-i:r)ei«zooooti:v_J-i'-' 


l-l 

(/I 

i/i 

(/I 

(/I 

I/) 

</) 

(/I 

(/l 

(/) 

1/1 

(/1 

l-l 
l/l 

oo 

(/I 

l-H 
1/1 

^ 

l/l 

X 

r 

r 

i: 

£ 

r 

r 

r 

X 

i: 

r- 

E 

i: 

r 

r 

r 

i: 

r 

■a 

i: 

i; 

I— 

UJ 

UJ 

UJ 

ul 

UJ 

Uj 

UJ 

UJ 

Uj 

1— 

UJ 

Uj 

Uj 

>— 

UJ 

1— 

jij 

1^ 

»- 

rt/ 

•UJ  X  OC/13  M_J  =>_, 

9-9  >oujcE>-i«i«i<i.aorY'z>-i:3r)=)>-<o3i-i'-'Q:2 

Q-O  Qfc/i»-<aa:oooooao_i_i_i_ixzioi-'-'-^ 


MO 


U1 
00 


w 

I/) 

(/) 

3: 

-n 

o 

m 

i> 

XI 

DWi-li-ii-it)  MC^  ,«l-i  O  i-<  Ot-lO"DO  -HO  "DO 

-<iTirnmmz  mo  -tc:  2  >-"  oi>oo"n  rn-«  om 


mi 


l-H 

• 

c 

II  z 

II 

II  o 

r-a 

£> 

CO 

or- 

1.0 

• 

z» 

—i 

o 

m 

II  X) 

II  -< 

II  2 

II  -I 

00  XJ 

I 

3rn 

-Otrt 

x« 

o 

m« 

&. 

UJ  ►-  I- 


UJ 

<I 

O 

•o 

•  or 

'£. 

• 

iO 

«a 

_II 

C5IJ 

'jj 

h- 

l/IX 

(/IQ- 

Ol/O 

zo 

uJ  11 

►—  II 

q:  II 

LU  M 

Z  II 

O  II 

:z 

<i< 

Ol/» 

Lti- 

xz 

LD_> 

o 

UJ 

-*t- 

—  o 

>-«! 

•  z 

<auj 

l-UJ 

a  II 

a  II 

LE  UJ 
UJ-) 
O.  M 


O  >-  —  _l 


o  —  ~  — 


i:iu 

Z  1- 


C/l  *-t  l-l 


►-UJ 
Zii 
UJO 

Ml,) 

won 


UJ  I— t  I— t 


>-.        1-.        i: 


»-(  i-t  «3 


ao 

(/)0 


u.        u.        u.        u.        o 


o 


(/)  I/)  C/1  to  to  1/7  (yl  OOO 

(/)  ^  -D  -D  -D  O  O  O-D 

ooa);Dt-irnc-H>-iioi»m»»j>;DO  ox 

X  &  o  m» 


(-        r-       I- 


zaiT3/CA)toi>o  i>T)a3rna)t>oo/Dc;:mo           toi/i 

h-i(—         t-<rnrnc2;o  r~ito2:»-4uo-Dc:rnt)to(r>t-H            "do 

i/)-<zi/)u)/Oc;i-i  i-(AJ-DOAi-tci~r-i->c;oi-i            nii-4 

I-1C— *-H<r>i/i<ri  toot-iiornnt-tmoLO^rn             om 

E>;ci/)>-<i-im                  i-i  oornczozoE>                  mz           i-iz 

so                    t^toz                    z  rnE>ygtO(y);ccfT3                    z-im-H 

wxi                                       I/)                  C  ir,        -tm                  nci/JZ'-i                  i/ii»           i/)i-i 

ton                                                                         I  CtO(/)3:to-li-if--ri 

tfl        u)  i/i                                                                      »                  to        i-i           mi-H 

M  -t                                 to             "DO 

C  M 

(/I  — tz 

XJ> 

mi 
-tm 

:c  o 

o  o 

OJ  o  <: 


o 

o 

II  c: 

II  <r 

<n 

T)<n 

r- 

CI- 

K  ;o     II  —<      II  -H      II XI      u  :t)      h  m  c:      h  C"      no      ii  ii  o      d  n  ;o      it  i>      Mm      it  r»      n  n  i>      n  t>      ii  r»      or-      ii  oo      iii—      ii  tr     n  c 

z         I     n  t>         ^     rjoo         -<  -<     o-<         -<     p-oo        •  t»         — i     x -4 


0:^0  t>  — <  -*• 

o     <:z  T)  7;  rr  m 

2     rri  o  m  ;o  ;o 


(O 


o 

•  o 

•  _l 

(A 

ace 

cjri-i 

t-t 

CD_I 

ms: 

O 

(-) 

o 

a 

t/O 

<ia 

•ao 

UJ 

ro 

ro 

a- 

ii 

LL 

a. 

UJ 

o 

— .UJ 

.-*UJ 

00 

-) 

•  :> 

•  :> 

ujr 

OQ- 

qq: 

^1-1 

• 

_(I3 

-■J 

UJt- 

IL) 

UJO 

UJO 

UJ  II 

II 

X  M 

X  II 

—        —        (/ii/i-iao        —        coisoi:        —        -■        — 


UJ  z                             UJ                                       »-«                                                            o        ♦—                                                                      <3 

i-H  UJ                             q:                                       z                                                            z        z                                                                      o 

Of  UJ                                      UJ                                                    O                                                                                1-1           UJ                                                                                             1-1 

<  X                                      (/)                                                    »-                                                                                _)           Q::                                                                                             > 

»  >-                             M                                       Q£                                                            _i        =)                                                                      as 

3  UI  O  O  <3  3 

O  3  £  O  -I  tJ 

liJ>- 
ZUJ 

<I 

Zl- 

l-l  I/) 

oa  2                                                                                                                                                                    c/i 

l-HUJ  UJ                                                                                                                                                                                                                                    to                                              3                             C/)            (/! 

u_  oi-ii-i                             one/)                                                                                 rsvic/it-HOD 

"-•on  t/i>-i>-ii-i(/ii-ii-if/>(/)                                                            zr^r^iv                  Qa 

»-UJ  LiJXII-<ZD(/)l/)3r3(/)                             C/ll/);/1<3>—             t-ai-Hfitl: 

Zl-i  l-il/loocCl—           k-il/)ZZZ03                         333>-iCJO_l'-<<<I 

UJO  Qr!D3^l-ll-100UJUJl-4>-Hl-i                           ZZZCDZZ_)ZOO 

►-•111  -5I-I-0         ■*ii'>ooaoT-ivQ't-i>-<i-ii:-)r5cioi-i>-i 


cy 


O-O  Q^l-l-t-UJUJO<J<I<ciuji-i>-i 

Q.  O  <X<i«a«acDCDC0OOOOOOO 


l<0 

</) 

I/O 

m 

A 

A 

7^ 

t-t 

m 

m 

m 

z 

m 

o 

l/)</)l/)l/)l/5tO(/)U1l/)(/J       OfcO 

■nmmooooooo     o"d 


f-r-(-i-f-r-r-r-r-r-r-r-r-r-r-r-i-(-r- 
ccccccccccccccccccc 

fcOl/ll/)COl/)(/ll/ll/)l/)</)l/)l/)l/l(/)tOl/)l/)Mlrt 


(-r-'~t-r-;^3^^i-ii-iMixoo"n-nrnrnooaoo 
mmmrnrnrnrnmz23Oor~m»-tj>^;0:^»-tt-t»-«t> 
zzz^i-izz2<;"n-Di:oi>-<(-r-rnmc«:cj>i/) 
-i-i-iica-t-H-trnr-r'imo.«f^i'~'"33irTix)'a-< 

l-ll-ll-l0  1'l/OA),«AJrT|  21-1-1  I'l/O  01>l-1>->i;02XCl 

6T<n6iz;DOOOi/ixi/)'-s»o>-trTi-)-(-(oi/ici»»i— 
l-ii-li-l>HCl-DT3T)CCCi-iZl/)  (/)C>-ii-12t-il/)ZOl-ii-l 

Z22Hi-<IIIt/)l^l/l»-iCC  UlOOOTl  C-H 

OOO  (-(-<-<-<  l/)L1  CCi-lO  l/)-( 

l/1C/)(/l  -1-<-(  (/)tOtH(—  11 

1/1  (/)  I/)  C 


c 

I/) 

LOt/) 

t-l 

UO 

t) 

(Tl(-t 

7^ 

om 

t-t 

•HZ 

t-t 

m-i 

1/11-1 

"D 

mi-i 

TIO 

M 

-IZ 

I> 

ms 

a<n3ia30t_oi<rixoo-ir-3ciioxo  —        CD 

o;o»  t'i»;oooox)i»o?oo*»«         io;ci»o"ni> 

lie  II  x>      II          II -<      II X)      II  i>     HZ     lie      no     MO      Iter     lie:      ii  »     ii  ;c      ii  2      iim      ii  m      no      no      ii -<      tie      li  •-<     ii  X) 

LOO  -<        rri        CO        z        -<        m        ci     -4— t     x-<        •          o-<;^«          •         /—        a-<(/io(/>z 

•or-  •          •          m                    (/)        I—     x»      o                       r—                   •                     t_r)»                     •r-r>m 

m*  03                             •t-tx                      •                                         o*                                         •xo? 

o  c_                  -<                                    c/)c»>    m                                          m                  z                                                            •          -< 

^(^  o                                                     m-ir*                       mxm                                                     m-^ 

f-x  z                                                             ^      I— 1/>     r—                           ■«■                                                t/^                                                             X 

rri  (Ti                                                            rri-^                                                    o                                                                                      m 

T3I  t/>                                                                       IT>2X;C                                                                                                    XX 

oo  o     -xz     t-t                       o                    t>                                                                           o 

OO  O     t-to     (-                       o                    -<                                                                           o         o 

^  A     i-r-     7;                         ^                                                                                                        ;^         O 

f— •  •       ^»                                   •                                                                                                         •           • 

o  <:        < 

O  mm 

o  -t-t 


CO 


<i  II     4  II     <t  II     a  » 

OOOQ:OOOQtDZXO<aiOQZQ.~-OOOCO  —  ~ 


•  ii: 

•  i^ 

^_i 

5<;_i 

o 

OW 

Oi-l 

o 

oi: 

or 

o 

X 

X 

-I 

o 

Q 

>^UJ 

XUJ 

z 

UJ» 

UJ=> 

o 

QJ 

Qi 

>- 

►- 

•  <l 

«< 

m 

Of 

_lt- 

— 1»— 

UJ 

•  o 

>- 

>■ 

Ot/5 

OC/1 

z 

t-^ 

<X  II 

<I  II 

Oil 

Z3  1I 

0^  II 

t-  II 

Oi 

a 

o 

O 

«» 

3 

bf 

uu 

CD 

i^ 

oo 

z 

UJ 

O^ 

oo 

q; 

z 

o_j 

xo 

ct 

Q:: 

Il-l 

-1 

m 

"3 

i: 

X 

OQ 

X 

UJX 

.— . 

UJI 

t/1 

>- 

• 

-i^ 

>- 

in 

•q; 

m 

-J 

• 

CQ 

•Qi 

-113 

LiJ 

o 

CD 

UJ 

_i;d 

laa 

z 

3 

O 

z 

OQ. 

311 

a£  II 

Dll 

>-  II 

CK  II 

=)  II 

o 

< 

O 

a: 

0 

O 

CL 

UJ 

-I  3 


t-l  h-4  l-H  (/) 


o 

(^ 

-1 

3 

o 

o 

Of 

o^ 

•-t 

ar 

U. 

z 

o 

UJ 

en 

3 

M 

<r 

U- 

a 

i-t 

O 

o 

IS 

_J 

X 

o 

C^ 

1-^ 

UJ 

J 

UJ 

J 

CD 

JL 

a: 

z 

z 

z 

o 

o 

o 

3 

3 

=> 

3 

■D 

3 

3 

2 

_) 

_i 

_) 

-t 

_i 

-J 

UJ 

< 

« 

< 

4 

< 

< 

o 

u 

o 

o 

LS 

19 

la 

a 

4 

< 

« 

< 

< 

a: 

Oi 

Oi. 

(^ 

OC 

Q£ 

»- 

►- 

*- 

»- 

(- 

t- 

(/) 

1/1 

xn 

(/I 

</l 

(/) 

1/1 

(/5 

C/1 

3 

3 

-3 

_) 

-J 

_) 

I 

< 

«I 

L3 

e> 

O 

•I 

<i 

<I 

Q^ 

(X 

o: 

Z)  3 

a       a. 


(/l(/>(/100l/)t/1t/1t/l(/ltO(/) 

33r)iDr>333=>r>3 


•  UJ_)  XQ.  OO-IOQ. 

Q-O  UJ>>-ci4M^lH|_,03Uj0CDZQr<I«I_)333ppp3 

Q-o  -)-J_ixxxx5Exxs:zzoooQ.aQ.aa.a.Q.a.Q-Q. 

(/lO  l/lC/)(/lC/)(/1(/>l/)(/)(/)(/ll/ll/j(/1(/5(/1t/)(/lC/l(/lt/1(/'</'C/>l/'C/1(/l 


2 


;o 

^ 

XI 

70 

70 

o 

o 

o 

(-H 

m 

o 

I> 

t/> 

M 

ow 

X 

O-D 

C 

OT3 

-t 

m» 

-H-i-n'0t)O'-'OoC"t>OOO>-ir^rniTimmmc 
z2t-tr-f"zcm"03t-ta3CDCDt»mrnmnmrnoo  lao 


i>i-D"00'-<i-ir>-ioozczzzi-<-(-(-4-(-i-ii-i  om 

;C(II3:IOZZ2COi-tMtOl/)(/)l/)CCCCCC»-ii-i  MZ 

t-im-<-<t>(r>(r>cc/)x>oto                   t-nt-tt-iLOcoi/iuoi/iui-r  rn—i 

o^r-i~;oi-ii-it/i                  ;^m                            miii-i                                                                     o  i/ji-h 

i-iOor-r--Di-ii-«                              "Di/i                                                                                                                                ;d  "n 

a                  c        c:        c                                                 c                                                                                                                                  i  mn 

-HZ 

mii 


m        i-t  o        — t        o 

2        -n  z        c        -0 

— *  O  l-l  LO  i-t 


II  c- 

m 

o<n 

• 

or- 

f-» 

c 

c: 

o 

im 

7" 

trv 

m 

H-4 

1/1 

I>T 

O 

■zo 

MTi. 

TO           Tl           7:>  70  t-<           70  »             •  0&X30&XXI2T' 

II  &      II  m  II  i>  H  m      II  "D      MB      II  II          II  r      ii  -<      ii  -<      ii  c     ii  xi     ii  -<      li  r>  ii  •  ii  t> 

-<        o  i/)-<  ram  m     (/i^  rn  (/im  •i/5o^zd-<  -< 

X  Ti  r>z  ^     -<  •  E>«  •           ro         m         rn         ro  m         i/i 

•-  i»  r~rn                i>  r~  •tocu*  •• 

r-  r-                    r-  t_  n_  >,  «         ^         _  — 

o  n  o                    X  o  on  L 

•  ►-HO                    m  ^  :y^  m  ci  r>  o        t 


(O 


cat-     i^         uj         _i         _i         >-         i_i 

Z  tl        CJ  M  II        LU  II        UJ  II         <1  II        I—  H 


o>- 

o 

Q-O 

IxlZ 

<l 

Z<I 

— -I 

LUC/) 

•  II 

UJ  II 

L5LLI 


—  —  O  — 


►-UJ  »-.(/)           U-            d            t-l  ct^ 

Zt~t  i-i        c/>        i-i        »-i        i-i        >-  o 

UJO  i/i>-^n'-izuj  in 

»-<nj  :3piii«_io:^  o 

OCL  zl^X_l>-l(/1l-  _( 

l/llO  <I             I-'             O             _1             X             I-             1-1  o 


CJ  1-1  w  1-1 


Q.Q  02>-<IUJ<II>->-l-«i-l>-i>-^t-lQ^«I«a*30Q^-Jl-' 


-t 

CO 

to 

/C 

2 

1^ 

I 

I 

m 

m 

t> 

o 

I> 

Z 

o 

Ot/1 
OTI 


M  M  l-H  HH  >-t  (-1  & 


;o 

;o 

TO 

X 

cr> 

m 

a 

CO 

» 

t> 

» 

» 

X 

TO 

XI 

X 

m 

m 

m 

m 

3 

2 

a: 

3 

O 

o 

o 

O 

;d 

XI 

70 

X 

l-l         t> 


—         z         — 


no      II  a     II 


CD  CD 

mr- 

i-tT) 

i>i- 

— 1« 

/0« 

-t 

1 

m 

-< 

yo 

r» 

ICO 

n 

MO 

t-H 

ZI 

II  r 

II  cr 

00  CO 

r>» 

m« 

JOIA 

A3 

»I 

xc^ 

O- 

t> 

I 

-tl 

T--^ 

mr> 

mc 

oo 

i»-i 

CD 

-n-H 

II  I-        11-4        II  -I        II  -<        11-4        II  -I 
CO  -i      I— I      1-1      1.—i       -D-l 

•  •  0»         0»  !>•  C« 


X 

X) 

X 

o 

II  o 

II  t> 

II  I> 

II  o 

z 

O-C 

n-< 

oi:^ 

D 

t> 

t> 

&• 

-I  o  -<  -« 


3 

oc 

•  Ui 

:>ca 

o 

<i 

<I 

o> 

>- 

-1 

^ 

UJ 

^ 

. — 1 

(/) 

•or 

•<t 

l/l 

ZIUl 

mt- 

•  UJ 

ij.m 

Ol/l 

en  CD 

U.  II 

3  11 

a  II 

o 

I 

>- 

i/> 

I/) 

Vi 

2^ 

o 

o 

o 

q: 

q: 

»^ 

z. 

z 

1 

Ui 

i-i 
a: 

HI 

a: 

(/) 

a. 

n 

Q. 

a. 

a£ 

a 

o 

•  UJ 

UJ 

<i 

< 

K 

in-^ 

•  ^ 

o 

Q. 

X 

►-»-* 

(/it-i 

o 

z 

z 

»^ 

l-l 

«IQ. 

l-Q. 

LU 

a 

•a: 

a 

a; 

Z(/) 

<HA 

m 

tu 

XUJ 

«i 

a. 

I 

u. 

l-U. 

X 

UJ 

'>UJ 

—UJ 

_i 

0^ 

t-io: 

a. 

1C 

•  1/1 

.1/1 

UJ_I 

UJ 

XLlI 

UJ 

IH 

_IZ 

-tz 

Z4 

•  UI 

UJ 

•  J 

• 

XU. 

LJUJ 

LJUJ 

UJt- 

(/>o 

~Q 

i^m 

^ 

OV) 

za 

za 

!S1 

LU  11 

1/1  tl 

•  H 

oil 

oil 

4  II 

i-i  II 

i-»  II 

Z  II 

QC 

3 

_l 

o 

o 

0. 

-1 

-1 

3 

O 

-» 

•"^ 

X 

X 

l/l 

*-• 

^ 

Z 

•  II  II       (X  II  II  M 

<I  •  O  •  • 

Qt«»  —  _)(-_j_l_jO-»«»XXl/)  —  —  x  —  x  — 


Zll 

uJQ. 

< 

• 

UJ(/1 

1— 1 

0^ 

UL 

i. 

UJ 

05i 

o 

X 

o 

►- 

f 

— o 

•_l 

-I 

>-q: 

IKU 

<»0D 

ujca 

MM 

OC  II 

III 

• 

o 

«- 

-i 

OQ.  W 

MUJ  M 

U.  ■/>  4 

HUI  UI  <S           t-H 

ZW  (J>  t^             ,_ 

liJ"  «                                              Z  l-H            <3             O            (^ 


2  Q.  19 

O  I-I  _l 

or        or        3 


UI 

5  WW 

<  3  3 

Z  Q.  Q. 

f)  «I«tl-ll-<>-lMI-<l-<i-l 

2  £La-j_j-J-i-i-i-» 

Z  CXhii-i<i<X4<<*^*'^'^ 

UJ  4<<S  33CKC^:>>>>>>>'-''-' 

13  «l<>->->-(/l(/)l/l</)V)MZZ4«3333333Z20 

-i-iujuiujzzzzzzzxxxoooaoaoooo 

33(/lt/100UJUJUJUJUJUJOCJQ.O.tOt/l(/ltOC/)bOl/l»—  »-«3 

0^Q^l/5</)(/)OOOODOUJUJUJUJI-«>-llHl-ll-ll-l>-l_)_lQ/ 
ijJUJUJuJuJ>-li-<i-lMM>-l_j_j_j_|OOOO0OOOOO 
CDCDCDCDCDODCDmCDCDCDCOCDCDfflffiCDIDCDCOQDCncDmCD 

•  UJ  -Jul  2  XXOQt/1  OO 

9-9  3Qf(/i3>-ujujujQfa'3oQ.aoc/iuJuiui<Q-»-H-(/i«* 

ao  Q^uji/ia        ioa5ou.>-»uji/5u)(/>i-iOQOLSt/ic/i-J<»o; 

IrtO  UIUJUJUJUI«H.-iHll-ll-l>-l_(_l_(_lOOOOOOOOOO 


00 


03G3ttCDO)03CD(D030D0303CDCDCDCD03CD 

;o;o;^;cpo;o^;^j;^xioooooooo 

00030>-iZXOI>2i-(rTl-<«l/)(/12 

oa)ooi-i;coi-iiHi>(/)j>zt-7^i-ii-ii-<c 
>-i        r-  ^  t/)  1-1 

no         r\j  no  ro 

Ol-ii-ii-il-i(-i>t"I»]>-<-<-<-<-(— l-(-l 


o 

o 

o 

Ol/l 

t/". 

X 

CO 

O-D 

— * 

o 

o 

OTI 

|-11-<I-|I-IZZZZOOOOOOOOZZZ 
OOOOl->t-i(-ii-iIIIIIIxI»-<t-ii-i 

j>r»i>t>p»t>r>i>>-*t-H»-Ht-)t-i»-(t-(t-(t>t>i> 


■0  r-r-oi>  (r>;D:i 


1-1  i-H  I  -n  -t 

■n  -n  -<  f-  X 

O  O  f-  O  IH 

I-  (-  (~  ;d  (/) 

t-i  t-i  r»  E» 


(yi 

rf^ 

z 

«.. 

t: 

o 

c: 

z 

II  t-i 

M  • 

II  -1 

II  <- 

tD-l 

2 

—1 

-1 

n-r 

BO 

• 

— 1 

o 

:c» 

• 

D 

^ 

*— 

H-t 

om 

n 

y  t» 

o 

'Ti-~:ir-r-oo-.z».m-D  —  —         — 

f~r~o«  •          XI  •          zc=r-«  :J3(nr-cn 

(1  c-      II  •  II  m      II           II           II  e»  II  z      lie"      II -<      11  •        M  Mm      ii  T      ii  •        113 

CD»          —  z     iB         3         i/0-<  •      (/)-<     CD— (         —         X  I/)         m  —         m 

»  o     t-<         fr         i-c  <_     t>— <     o«                     t-i  I-         n                    (- 

1-1            ^  X     -«         ui        m  o     z*       -<            c/i         — I  •          •  lo        • 

—            —       O                O  D-tT)  Z       —I—       ^                 X            O  —  r            — 

^o  t>:ornt>K-<r>x  i> 

m              T  xxit»  (/ir— fn^               Tl*  ~i  Xi          r> 

>  -<                  x>        d     r-  t>        a  c;c    i-i            -1  ;c  -I        z 

r***                     i>         — (     f~  TT         -•         GD  orr     t»             isj  m  "sj         o 

m                       ^         _)     n  m                    o  i-irn                   •  <                    oo 

I>X)                                      •         t>  03           -<  &Z  »-i                        —I 

<o                                    —  1-1        A  m  (/)                  ;c 

mcD  TD           l-t  CD  •                             c 

0«                                                           CD  C3             Z  O                                                                                                                      3 


Ul 

Ul 

o 

IH 

t-l 

O 

t-t 

1^ 

o 

o 

O 

o 

q; 

•o 

o 

oc 

o 

O 

4U 

zm 

-JO 

o 

m 

Q^Qf 

•  or 

0£ 

UJ 

oa 

Q^ 

ujm 

HCD 

liJ 

ujo 

ZCD 

CD 

z 

V 

»— 

3 

o;< 

lu 

o 

•ax 

«ii- 

O 

OUJ 

t- 

CO 

(n 

CDt- 

XZ) 

-1 

X 

— I/) 

«I 

ac 

^ 

2 

u. 

**UJ 

•  lU 

-1 

tu 

-*>-* 

—  </) 

•  -J 

CD> 

o 

o 

•  O 

•  I/) 

>- 

CDQ. 

(/)d; 

3 

a- 

z 

_l< 

i«a 

•  2 

C/IOC 

i-i<i 

•  O 

UJ 

• 

•lu 

• 

<-l>- 

l-Ct 

X<I 

►H  J 

-11 

t/ID 

> 

l/l 

oil 

1/1 

21 

zo 

i-r 

_ia 

<S  M 

1-  II 

O  II 

1-  II 

1-  II 

►-  II 

•-IH 

tlJ  II 

Z  II 

<  II 

(/) 

•a 

o 

<I 

<i 

<I 

-i 

CD 

UJ 

(/) 

** 

X 

X 

z 

z 

3 

■** 

^ 

CD 

■^ 

•«  ►- 

CD3  Df 

uj       a.  o 

Z        'b^  I 

<X      XU  •                            Q^ 

_l          O  O                            <I 

1/1      t-Ct  Q                             t- 


^ 

1/1  UJ 

o 

a:  I/) 

• 

o 

UUJ 

>■ 

a 

or 

xo 

"■  II 

a  II 

II 

t-  II 

Q£ 

o 

• 

3 

m     _(  u  >-        Q.  or     xo  i     z        o 

II      ^  II  II         II     a  II     o  II         II     t-  II       •  II         II         M     IX II     X  II 

•        o  • 


ZUi 

«ax 


«ii-i                           zi-i£^<  3r)«»  zo 

<l-l>-l                             l/lOl-II                             0_l  Z  H-M.!  Ul                             QJ 

i-a^(/i(/ii-i(/ii-i>-                  _j_j  4  azz  o«ax 

(/1««I2-Jtt^_JZ                             UUJ  (J  _!«/)•-<  Olh-O. 

lil3r-J«I>-IUI_ll-l                             WT  M  _IO>-  liJ<X«J 

U)Ol3(J)UClulOcJt-0  <a                         of  U/OM  -I          >-<           T 

Z(y=3ui<iz2<ix_i_i  CD                 Ul  m'^tt'  i3_i(y 

ooo_iuuJO>-«33  _i                  X  i:<i«i  <>-"uj 


M 

l-l 

i-« 

M 

»M 

l-t 

M 

1-* 

M 

H-f 

t-H 

z 

z 

o 

o 

o 

Q 

a 

o 

C3 

o 

o 

a 

o 

o 

o 

o 

O 

o 

O 

o 

o 

O 

o 

o 

o 

o 

> 

>- 

Qi 

or 

Q^ 

ac 

a: 

Oi 

•»{ 

ai 

ai 

or 

or 

or 

Qi 

CO 

m 

m 

CD 

CD 

m 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

fO 

M 

OJ 

•  Ul 

z 

s-s 

o 

o 

o 

_i 

Of 

UJ 

O 

>- 

4 

3 

3 

o 

_J 

(X.O 

o 

o 

o 

Ul 

o 

I 

I 

X 

_1 

T. 

a. 

>- 

•X 

OTO 

Qi 

m 

Of 

tu 

O! 

Q^ 

q; 

a: 

(^ 

OC 

Of 

a; 

Q^ 

CD 

a> 

CD 

o 

O 

CD 

m 

m 

o 

a 

m 

CO 

(S 

X 

z 

t/1 

3 

3 

Q- 

o: 

£^ 

(/) 

00 

O 

3 

3 

n 

3 

M 

Ul 

Ul 

X 

X 

_J 

M  t-H  »-•  O 

a  or  Q^  l-l 

<i-it-i33n3MUJOOOQt 

_l  Z  Z  Z  I- 

oo<it-i<i«a<i*-* 

l-l-Obi-J-l-J-J 


OT) 

OTI 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

I 

I 

I 

X 

I 

o 

o 

o 

o 

o 

XI 

X 

X) 

X) 

X 

-4 

—4 

-< 

—4 

c 

c 

c 

c 

(Z 

l/l 

I/) 

I/) 

I/) 

I/) 

z 

O 

c 

c 

|- 

C3 

— t 

"n 

^ 

I> 

-t 

i~ 

i-t 

I- 

x> 

o 

n 

■0 

f- 

;d 

i-t 

)— 1 

l- 

c 

z 

»-l 

M 

c 

t-t 

-(Mm 


m         -i         s> 


orn 


-(       m        -I 


~" 

(-( 

. 

o 

m 

o 

& 

It 

II  TJ 

II 

II  c 

II  »-i 

II  c 

II  ^ 

-H  CO 

m 

(/)  c^ 

CDO 

o 

(/)<n 

i-m 

O 

z) 

m 

xr- 

I 

i>r- 

-<X) 

1- J» 

<no 

o» 

-1 

(n« 

£> 

3« 

o« 

> 

I- 

rr 

f" 

c 

II  X) 
Zl/l 

ox 


II  XI 

it/) 


II  O       II   » 


m    ;^ 


X  1-1  1-1 


<i 

13 

<l 

O 

_l 

LlJ<I 

* 

u. 

h~t 

n 

• 

ZE 

-J 

o 

<t 

C/l 

I/IZ 

• 

LU< 

•  * 

»-l 

(_) 

h> 

^-t-l 

CJ 

^O 

• 

o 

coo 

(X 

>a 

•cj-l 

or 

o 

I/) 

OJl/l 

»— 

^ 

^ 

Jtl- 

«^ 

oz 

a 

^u. 

u. 

C/1 

o 

X 

• 

o 

«» 

•  >- 

<I>- 

>- 

«I 

t— 1 

,1^ 

— o 

r 

—  r 

Of 

CD_J 

o_j 

-1 

•  IT 

(/I 

a 

Q-l-l 

z 

ii: 

LU 

in<i 

<I 

•  <J 

• 

_ia 

•  z> 

UJ 

LULU 

lu 

_j 

t-io 

— o 

•-0 

(/) 

oo 

too 

^ 

i^_l 

LlJ 

-J 

_i  II 

•  II 

1—  II 

1-  II 

Z  II 

»—  H 

■a  II 

<I  II 

tr  11 

3  II 

UJ   M 

<a 

_> 

3 

< 

»-« 

■a 

CD 

CD 

u 

a 

X 

LUX 

o 

Z<I 

oJO 

u. 

UJ 

!V 

m^ 

o 

L0<_) 

Q 

—  X 

•  C/l 

TX 

XV 

UttJ 

^  J 

O'O 

lJJl/1 

_)ll 

UJ  II 

(JX 

—11-1 

d 

□  «! 

lUQ. 

•  O 

II 

JC  11 

Lt    II 

OQ. 

WUJ  1-1  1-1 

U.  i_<  _i  M 

h-IC/l  1-1  Z  Z 

»-UJ  n  Z  t-i  M 

Zt-l                             <  1-1  1-1  _l  _J 

ujo                      (/o  t:                   V  _i  I-  1- 

wuj                       o  -i                    o  X  -r  T 

t^O-                                   t)  lij                             1-1  (  3  C3  o 

(/)tO                                           _J  (/I                                    I/)  n  ^  1_4 

3  O                           3  LJ  Uj  UJ 

CO  ac                 o  _i  _i  _j 


Z  XX 

</)  ^^  M 

3  on 

UJ  ooQ^iri-<i-ii-<i-ii-ii-ii-»>-i>-ii-ii-ii-izz 

o  000^1—         1—         (/>c/iootoiyi(/)(/it/)c/ii/it/iooi-ii-i 

Q.Q.Q.Q.l/ll/1l/ll/l(/)l/lC/)(/lC/)C/)(/lC/l_i_J 
-I-J-I-IXXXXXXXXXXXXXX 


9-2        >OVO'33UJUJUJI3 

ao  -icD_(ct:xo_i_i_io 

(/)o  ci<a<t<i<ics<<i<t< 


i-ii-iioooDa3>;Da3-Di»Z(/)i,o;c  otj 

2zi-ioj>^m2ocioca)ooo  otj 

t/)  o  i»  m  -<  rn« 


z 

c 

(D 

« 

C 

l/l 

|—         r-z2-i>-<oj>-i-H/OA)i~rnr- 

oo(/)o-'<Di-Hr-mrni/)C3i-iit~ 
ii-<t;rTi(_)<_jf~(.»(Dc:t-i-nmi-« 

X)^<>-"i/)'DZ>-">-ii-iB'0-»3i-<i-i-i  "D  ;di->-i 

►-ii-lzl~2A)I>  OO  i-li-l  I 


-4 

(/)l/) 

C 

T30 

z 

mil 

o 

om 

h-t 

MZ 

-n 

py-t 

o 

(/))-i 

r 

-n 

HI 

mw 

» 

TJO 

1-4 

-«2 

If 

« 

II  i/i 

»* 

k: 

!• 

O 

h-1 

m 

~i 

(/> 

m 

<• 

-t 

• 

o 

■0 

~0           —           C13(/)IZ            —           I  — 

r-m-ox)CorTic:ri>(ri 

II  c-      II  m      II T      II I      II  ?      II  -I     II  &     II  -t  II  ^ 

;DrTif—cio-4-((/)  im 

(/)        :^         •          r—         m        •          (/i        •  nnrn 

I        m                    -I        ;d                   •  i-z 

—                                isi         (/I                     —  ;^rn 

•  I  — 

O                                                                                              T  -I 

•                                                                                        O  E>0 


-II 
Ol-l 
o— < 
-to 

XX 

lO 


no 

II 

ti  • 

II  o 

II  —1 

II  XI 

II  o 

II  o 

II 

t>x 

CD 

00— 

CflU 

(/) 

OXI 

^ 

xm 

a 

?' 

t— 1 

X 

x^ 

• 

r>-< 

• 

Or- 

r- 

<n 

—1 

mi 

m» 

z 

c:i 

d 

r- 

—4 

"Dm 

T) 

CD 

m 

<n» 

m 

m 

m 

lO 

I 

-< 

X 

X 

CD 

o 

;d 

m»-« 

m 

r» 

m 

o 

;o^ 

;o 

t> 

CD 

r- 

cc 

T) 

n« 

o 

• 

m 

(- 

CO 


3  (/) 

CO  0^ 


mr- 

zo: 

z 

UJ 

I 

OUI 

M 

z 

• 

(/) 

ot- 

< 

o 

X 

.3 

V) 

a. 

T 

a 

-JCK 

•  UJ 

t 

aj 

o* 

►- 

^ 

03 

-> 

x>- 

I 

•(X 

o 

liJZ 

M^ 

• 

• 

l/)UJ 

• 

(/I 

-1 

• 

«« 

•Of 

r 

X 

_H/1 

z: 

a 

-1 

X 

• 

tra 

>-o 

• 

^ 

z 

LUUJ 

X. 

UJ 

q: 

• 

Ul 

^ 

>- 

wa 

t-z 

z 

Ul 

UJ 

zo 

Ul 

o 

UJ 

CD 

z 

UJ 

UJ  H 

>-  II 

Z)  II 

a:  II 

Uill 

UJ  II 

M 

ul  II 

Zll 

Q.  II 

OH 

Zll 

Ul  II 

r 

13 

z 

Ul 

q; 

0^ 

• 

OL 

UJ 

>H 

>- 

Ul 

a: 

*- 

r 

'-' 

u. 

u 

o 

« 

o 

X 

a 

a. 

a. 

o 

•                                                                      I      -I  «o                        >-l 

)                            •           -I                               I/)      -1                          -I  l/5_l         •                X 

I                  X        _i                    •(!:     UJ          •        -J  _)_)     X          'O 

I             •           Z           Ul             •           XO      ^           X           UJ  UJUI      £■           x>- 

:        CO        Ul        z        CD        i-i     z        ►-        z  z>-     UJ        t-i 

II     I-  II     UJ  II      z  II     a  II     z  II     Ul  M     z  II      z  II  II     Ul  II     z  II 

><3acuj>uja.ujuj  •ixui 

[ZOa.(£CQ-'CDCL<IOCZ> 


UIK 

ruj 
•ax 


oo. 

I-IU) 


l-<(/1  trtOUJO  IZ<II  U.X 

►-Ul  z  u.*-»-t  «at-<i<io>-i-*  •^►-ii-i 

Zi-i  Ul  M<io«icrtzuj_jizi-«  z— J-i"a«i<t«i 

uio  o  ^ij>2ZO«j_io«i<i^i-ii/i  Qr^_Joao>- 

i-iuj  CO  iouiTk-ixco_iQ_fc-i-o(*'i-i<iijira>-ii-i>-ii-i(y 

OQ.  UJ  3_IO»0>->-ll/l(/lQ.I-IUJ— >2»l-ZoaCLQ-UJ 

coco  CD  oa<iQr'Q?(^>>-ii-i>-i/ix>-i«a<i<j«itni/)on> 

ID  zaLrujixcjci:Q;cirr>_ix-iQ;_iQri-ii-i"-tz 

0.  <I<3<IOOCJCJCJOO(_)UJUjU_U.OOIXX*-» 


9-9  3i-za.Qiu)xioai^Q-3_jx_ia'_ia'>-''-''-iz 

U.O  Q.C0<I«l<oCJOOOOOOUJUJU-U_LDLDIXX>-t 

too  <X<cl<X<<X«X4<<3a<I4cl<X<ttf<4<X<<Z«3«X 


oooooooooooooooooooooo 


r-         r-         I-         I- 


i-ii-tj>i-i  >-i  jc  xi,c;o;d2i>  i>  i/j  o  u)m 

o'-''-'  *"  f        j>        t>        t>        ut  f-  j>-n 

I  >-i  mt-i 

I>  d  "OO 

n 

-12 

ms 


&-(t»'»im^;Di-ii-4-<mrT'io(nTioo 

M  — 4        Mo        M  — (        M  7        It  ^         HO        II  r>        II  "D        II  t)        II  O        M  ;D        II  X         II  t»        II  XI        II  •  II  m         It  7         II  X3 

t/)         ^     ico         z         z         oi         -<         m         m     c/icd         z     "oz     x— *     3m  z     loo     ~ot» 

♦  XI     t-i»  mm*  X)         T)     Ti»  •       hH»       X(/i     t>m         z         "^      ~t«       x>-< 

•       c-  r-         r-  r-  z         i-i-      <r>z         •  m     c        r-  — 


"Dm 

&Z 

"-IS 
z. 


o 

o 

II  XI 

II  c- 

ZXJ 

I/ICI 

m. 

oc- 

t/) 

£>• 

— 1 

X) 

mx         ■— 


E> 

-D-< 

I> 

1-4 

&0 

o 

z 

WCD 

■01 

-1 

z« 

&Z 

OD 

-1 

i-tai 

UD 


-OO 

-< 

KH 

j>o 

O 

?■ 

M/; 

a> 

— 1 

z» 

• 

ro 

-» 

W 

03 

c 

«l  w 


«I         l-l 


^     —        — 


_l        <J        —        — 


a:    ^        - 


O  H-  1-1 


r 

(/) 

• 

<i  II 

«»  M 

u. 

I 

03 

«» 

o 

** 

(X. 

Zl- 


r 

r 

X 

3 

3 

3 

CO 

»- 

I/) 

r> 

d 

ry 

<i 

u 

IxJ 

c/> 

-J 

z 

t-i 

3 

UJ 

> 

> 

o 

l/l 

y) 

i: 

r 

£ 

i: 

3 

3 

« 

a. 

■^ 

3 

3 

3 

-1 

—J 

liJ 

t-4 

»-t 

t-i 

l-l 

M 

3 

3 

a: 

Q^ 

Q^ 

a; 

01 

0^ 

O 

O 

3 

3 

3 

3 

3 

3 

z 

z 

4 

a 

< 

« 

< 

a 

3 

3 

Z 

2 

Z 

Z 

Z 

Z 

Z 

Z 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

o 

o 

o 

o 

o 

o 

(J 

o 

MO 


IIIIIIIIXIXIIIIIXXIIIIXI  0(/5 

<D-n'nooa)&rnu)(~(D'nnzJ>-t;Dmcioooc'»>  otj 

r-X)Oxi>or-zi-<»»;Dm<-ii>xxi>«:ooocr-rn  oTJ 

o  f-  &  (Ti        a  z  fn» 


<r>  "n  -n  o  o 

I-  X?  r-.  X  I> 

t>  m  r-  m  X 

C  2  t-i  z  f-t 


»•-.        —        —        r-(-i-3        —        c5Xt/)<n(noi/i<no        —        »« 
r>3:t-r-.  •  •  c-:!'  o»  X)T)0-i;d:ctx 

I  — t      ti  o      M  •       II  •       11  n  II  HX      MM      II  no      II  II  T>      II  t>      HZ      Ho      II  m      no      Ho      no      n  t»      ii  ;n 

ui        m         —         —     (_         i-         <n         "oo        o     (-0         ;d     i— i:         -<     o-<         o         o         m 
•  7'  m         E>         o         OT'         X      E»«  m     !-*•  X  cr         7R         7 


H  O 

n  o 

oo 

oo 

O^ 

ry-x. 

cz» 

c» 

<71  — 

<n— 

r-x 

r- 

IS* 

I>X 

i/i 

i/i» 

c 

o 

Ocn 

ir. 

X 

!>• 

I>t> 

rs 


-I  Z  l-l  »-  o 

t-i  u  a.  in  -1 

X  t/l  o  3  u. 

a  a:  z  x:  i 

O  UJ  o  UJ 


o 

UJ 

-1 

^•^ 

CD 

Q. 

••■ 

UJ 

£ 

• 

Q. 

or 

(/5 

•« 

m 

H- 

•  <t 

UJ 

O 

QL 

Q 

Z 

lO 

^ 

cr 

O 

>- 

<3. 

*-<A 

o 

O 

sa 

^ 

Z 

_i 

U3 

Of 

a. 

3UJ 

z 

o 

«« 

a. 

i^  J 

•  o 

> 

_l 

• 

•«t 

O 

xz 

O) 

•  I 

t/i 

xo 

—». 

t-(/1 

z 

mo 

1— 

i-t/> 

•<I 

Z  II 

«a  II 

uii 

<«ll 

Zll 

Ull 

UJ 

(-> 

>- 

z 

3 

a 

m 

*i» 

Q^ 

** 

^ 

** 

OL 

or 

I 

O 

•  o 

►- 

a. 

OQ- 

z 

1/1 

Ol/l 

< 

K4 

l-l 

NJ 

q; 

— q; 

)-4 

•  o 

•  o 

•or 

(TI 

_IX 

u^o 

mo 

-lO 

mo 

II 

« II 

II 

♦-         *-*         »-l 


(/I 

xt- 

>- 

•a 

UJ(/) 

UJ 

a 

<I 

0. 

-1 

•o 

Of 

>-o 

►--I 

<I 

(/) 

«IO 

t-o 

o 

UJ 

a: 

OIJ 

1 

»-< 

dZ 

z 

z 

a: 

o 

>- 

UJ 

u. 

—  LS 

—a 

o 

•UJ 

XIH 

-1 

^i. 

t-o: 

(/1«I 

o 

• 

<_i 

I-C3 

CKI 

o 

>— 

z 

Z3  II 

3  11 

II 

t~  II 

3  II 

z 

a. 

• 

3 

-1 

w  UJ  «»  — 


UJt- 
ZUJ 

<x 

Zl- 


3  I  r  X  r 

Z  UJ  UJ  UJ  3 

or  M  I  I  I  M 

o  w  I-  t-  >-  z 

O  2  Z  Z  Z  UJ 

l-l  O  <I  «*  *I  T 


z 

UJ 

UJ 

3 

3 

3 

z 

z 

<l 

« 

m 

m 

X 

X 

Ul 

UJ 

UJ 

X 

X 

X 

Irt 

3 

3 

_l 

-1 

r 

r 

3 

3 

1 

<I 

1 

« 

I 

X 

X 

UJ 

UJ 

UJ 

3 

l-l 

»-4 

h-< 

*-< 

« 

<a 

-1 

_l 

-1 

_l 

(^ 

or 

1— 

1— 

1- 

X 

X 

I 

Z 

O 

O 

X 

I 

Q^ 

Of 

•I 

<X 

~i 

-1 

o 

o 

z 

z 

z 

h- 

K> 

\- 

UJ 

o 

o 

a. 

a. 

O 

o 

13 

o 

M 

l-l 

a. 

Q. 

d 

1 

<I 

Z 

z 

z 

o 

a. 

a 

o 

o 

o 

o 

O 

o 

Oi 

Of 

1/1 

lA 

ISI 

INI 

N) 

«I 

•I 

«x 

o 

o 

z 

z 

Of 

or 

Qi 

a: 

o 

o 

l-l 

M 

M 

M 

(/> 

v> 

(/I 

z 

z 

o 

o 

o 

o 

O 

o 

z 

z 

Of 

a. 

QC 

Of 

Of 

>- 

>- 

>- 

UJ 

Ul 

M 

l-l 

-J 

-1 

-1 

-1 

o 

o 

o 

o 

o 

o 

o 

Of 

Of 

Of 

X 

I 

X 

X 

X 

I 

X 

X 

X 

X 

I 

X 

I 

X 

X 

X 

X 

X 

o 

o 

o 

o 

o 
<\J 

o 

o 

o 

o 

o 

o 

o 

o 

r\j 

o 

o 

o 

o 

o 

1      »UJ 

z 

0^ 

Of 

Q 

IH 

l-l 

n 

-J 

0.0 

3 

3 

o 

z 

o 

< 

o 

o 

3 

Of 

Ul 

Of 

Of 

<I 

> 

UJ 

UJ 

ao 

£ 

Q^ 

»-l 

►- 

-1 

X 

-J 

a 

o 

-) 

o 

1- 

o 

CD 

X 

Of 

-J 

-J 

I/IO 

I 

I 

X 

X 

r 

X 

X 

X 

X 

X 

I 

X 

z 

I 

I 

X 

X 

X 

i 

u 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

X  l-l         w 


►- 

</1 

(/I 

in 

a 

a 

Q. 

z 

a 

0. 

0. 

00 

(/) 

</> 

<I 

o 

o 

o 

o 

o 

o 

C/l 

V) 

to 

ifl 

(/I 

(/) 

1/) 

>- 

>- 

> 

>- 

>- 

> 

>- 

Of 

Of 

Of 

q; 

Of 

Of 

Of 

X 

X 

X 

I 

I 

I 

X 

o 

o 

o 

o 

o 

o 

o 

fSJ 

M 

J- 

rj 

lA 

(/) 

« 

>■ 

Of 

Ml 

>- 

-1 

UJ 

0. 

Of 

o 

> 

q: 

o 

»- 

I 

X 

X 

X 

X 

X 

X 

o 

o 

o 

o 

o 

o 

u 

00 


ooooooooooooooooooo 

03cDr>i»&;D'DJ>;^r-m3<oa)O>Hoz  OT3 

;D;c;^330i/i&i~o&r-i-.&ocC2iJ>  0*0 

»-t  t»  o  — i  o        0  rn* 


c        c        c 

3  2  3: 


PO 

^ 

z 

3 

3 

0 

0 

0 

0 

0 

0 

0 

0 

t-t 

t-< 

»-i 

c 

c 

c 

C 

I 

I 

> 

i> 

0 

0 

0 

-4 

-1 

-i 

-( 

0 

0 

m 

m 

1-4 

*~t 

►-) 

I> 

I> 

> 

& 

^ 

?D 

» 

> 

c 

■n 

c 

l-t 

C 

czzzmm<;rij>  O"0  oi>  tnc'"  -<  c  (/)to 

3;-iO"i«:<:n*c:  i-ii-i  >-<-(  j»ciaa  -<  to  ot) 

3i><:.wji-tH-iz»-in  "HZ  zj>  zr-i-"  03  rn  mi-t 

oci-<"i/)'n(/)orn  «»  w  (/)i>-n  c  o  orn 

Z/OXm-^omfi/)  o  &  torn  i/i  t/j  nz 

omm2-<i-                    zo  i>  -1  i-i;o  c  m-i 


-tz 

ma: 


c: 

f— 

0 

« 

a 

II  -H 

II  • 

II  ;o 

II  (/I 

II  i> 

-^ 

0— 

t> 

0 

-(Z 

• 

t> 

■< 

X 

Xl/l 

200 

^ 

c 

»-*• 

e>o 

3 

(/) 

00 

a 

• 

-^ 

&-0 

j> 

f- 

Z  —  Z3  —  —  ZOZ~  —  X 

CI  _ 

II -t      HO     II -(      no      II -<      II -<      II -)     no     n -H     11  •       11  ;o      11 10      11 1>      no     11  11  n -t      11 -<     n  nm      no 

—I     mo     M-i        CD        o        o         -<        z         -<     o—         t>        o     -4Z         iE>o  I/)— icD  rni« 

m— 
I/) 

-HO 

mo 
XI  cr 


10 
mi/) 


l-IH-  l-l        ^ 


X  —  — 


-)  —  _ 


o  II      a  II 


•  Ht 

«iUJ 

□ 

ox 

I_l 

o 

Zt- 

Clt- 

o 

UJ 

1  I/) 

afu. 

>-l-l 

•  •• 

Q.< 

OCT 

<3 

WiUJ 

l-HH- 

»-4 

-1 

«t 

^ 

—  >- 

-I 

q: 

•  > 

—  _l 

CI 

1— -=1 

• 

•-■3 

I-l 

t-  3 

a; 

=>CD 

(/lO 

D  II 

1—  11 

■a  II 

a:  II 

Z 

UJ 

01 

13 

—        ~        <_> 


—         — .         1/1 


LLl  II        CD  II        on       LU  I 


J. -I 

(/lUJ 

a;  II 


MOO 
l-UJ 

Zn 

UJO 


I-.  Z  1-1 


U-  -J  1-1  ►- 


0.0 
MO 


11  M  O 


o       o 
t-       f- 

1-1        m 


-n        o 
o        o 


o 

o 

o 

o 

r 

(- 

f- 

l- 

0(/) 

o 

o 

o 

o 

O-D 

M 

o 

X 

o 

O 

o 

o 

r- 

t- 

(- 

r- 

-I  -I  -4  O 


I  l-<  l-H 


-oo 


z 

CD 

-r\ 

o 

t-t 

m 

r- 

I 

< 

f- 

t> 

:c 

J> 

r- 

<i 

-< 

r- 

M 

» 

to 

t-~t 

O 

i> 

ui 

t-4 

z 

-n 

-H 

o 

Z 

ox 


z 

D 

i- 

_^ 

□ 

2 

<D 

m 

^^ 

r> 

O 

• 

n 

o 

O 

XI 

z 

<n 

M  -t 

II  C 

II 

II  o 

HZ 

It  o 

II  » 

II  o 

11  X) 

CI/) 

<n 

m 

z 

• 

-< 

r- 

j>& 

t« 

1- 

(/I 

n 

r--< 

«^ 

Tl 

& 

z 

I 

<r> 

i- 

O 

c 

• 

c 

I> 

:^ 

m 

II  XI 

II  XI 

II 

H  -4 

II   -4 

II  rr. 

II  o 

m 

r-i/1 

z 

— * 

C/) 

m 

3Em 

rn 

t>i 

m 

• 

• 

z 

&CD 

r-         o        -< 


M        i:        tH 


—        o     m 


M  t> 


LO  l-H 


T)(/) 

;dx 

MX) 

zm 

02 
[SCI 


l»-<  -<  T  1-1 


3      T 


c  l\) 


00 


-I        a     bio. 


O 


•  ct  O  _IUJ 

_IUJ  .lu  _)_) 

OCD  acK  IC?  >- 

mi  Lt:  II  on  11 

o  o  in  en: 

a  >-  —  o 


O  11       •—  II 


LUO 


o        o  ry 

r         -I        t/i        o 

O  U-  1-1  _i 


t-H  Li.  d 


>-.  1-1  o 


CJ  —J 


z  z  o 

O  o  <a 

►-  t-  z 

Z  Z  oJ 

►-1  1-1  <l 


1-1  1— 1  t/1 


wo 


00 


2 

2 

z 

I/) 

X 

X 

& 

t-f 

o 

J> 

^^ 

c 

ro 

rv) 

04 

o 

o 

o 

o 

o 

o 

c 

c 

o 

o 

z 

z 

z 

z 

z 

x> 

l-H 

t— t 

l-l 

f-l 

»-* 

c 

c 

o 

o 

r 

z 

3 

l/l 

00 

oooooooo 
cCT)r-02-(-< 


o 

o 

o 

o 

0(/) 

3 

1- 

CD 

I> 

M 

o 

o 

o 

o 

o 

o 

o 

c 

c 

o 

2 

r 

1- 

r- 

r- 

J> 

r- 

f— 

r- 

r- 

Z 

o 

o 

o 

o 

O 

z 

3 

z 

2 

-I         1         r- 


-I         n         I'n 


Tizzi/i  I-                    c:                    ;oc                    -(-i-h                               z  t-i                              i/i            m-i 

xmi-i  H-i                   i                    C2                    i>t>E>                              <-i  e>                                             COM 

c        c        n  t/)                                       3                                                                                o  -n 

i/i        I/)        c  E»  mM 

ui  xo 


r-mi—         ot-t&crnxio 

HO        II  00       II  -I       III-       II  I>       II  < 

«cm        m        i-(     -n        i        -t—     x^     -d        "□        ^i-        -t    xo    o—        oo     o—     -a  1-4    o-«        (-        -<     i/i* 

»>^         ^(/)H-ioTit»oo         0-4        00     mx     o^         — *     o        t>  E»         X"     o» 

>-i  •       i~  z  i>c  m  (/)  00  ^ 

c-  a  >-i  o-i  00  o  o  -<<^ 

CD  -^  1-0  m  z  ^  3 

i~  05  (Ti  mpD  i>  0x1 

m  >->          I              -I  Ti  X  I  CO 

z  <rt  x»  m  m  zoo 

X  o  i-  E"  -IX  -<rn 


II  00 

II  • 

II  e> 

II  • 

xo 

0— 

00 

0— 

mx 

OT' 

^ 

0 

x» 

xcr 

z 

2Z 

I- 

x-< 

• 

xc 

0 

o-< 

w 

0-1 

0 

z« 

Z-( 

CO 
00 


auj 

OliJ 

o 

or 

u. 

• 

0 

^x. 

^JC 

IX. 

X 

d 

h- 

m 

OUJ 

OUJ 

o 

►— 

'-U 

_( 

ori/i 

Oil/) 

.0 

• 

^ 

«« 

< 

OCT 

OfY 

'•^ 

cn_i 

m 

f- 

• 

•  or 

O 

o 

>- 

(/lO 

1/1 

Z) 

^— 

(to 

—  X 

—  X 

<I 

1-10 

fr-4 

>-o 

h- 

CDO 

•  II 

•  II 

QL  II 

_)  II 

_l  II 

<a  II 

3  II 

II 

_l 

_l 

O 

<» 

<I 

a: 

2: 

• 

■^ 

^^ 

*- 

1/) 

(/I 

0 

*- 

Q^ 

LU 

OJ 

X. 

X>- 

0 

0 

LU 

UJI 

.0 

□ 

q: 

1/1 

-JO 

• 

<l 

UJ»-t 

• 

• 

•  z> 

ax 

H- 

a. 

rcD 

1— 

(/) 

i-nD 

Z.  II 

4  II 

^  II 

3  II 

1-  II 

Q.  II 

1-  II 

UjO  ujLjLij  Zi-tuj  <3Z*—         n:i^ 


CO  >-<x<j<i»—        t/)<io 

Q.O  ZOOOQ-«I_IO 

(/to  00000000 


00 

■Ck 


o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

x> 

XI 

;d 

;« 

;o 

^ 

;c 

XI 

?o 

o 

o 

o 

o 

-f 

3 

HH 

o 

tr 

CO 

!• 

»> 

m 

o 

-H 

< 

-I 

o 

o 

z 

j> 

i> 

x> 

-i 

o 

-D 

o 

c 

1— t 

x 

»-* 

r- 

Old 

OT3 


o       o       o        c       o       c 

XI  X)  XI  XI  XI  X) 


•H  -I  V) 


om 

i-lZ 

m-i 


-<7 

IB 

-tm 


—        —        —        lor        —  -«mT)<: 

^(/imoot>X)rzrTirn 

III—      MO     M«      II  o      II  m      II  i>      IK       II  i-(     II  m     II  r-      ii -t     ii          ii          ii          ii  c:      ii  »■      ii^      iio      n  •       ii -h      ii -<  ii  r>      no     no     ii  ? 

U)         o  —*     om         ^     o— * 

•             ID  (/I      oi"                    o» 

.  .      i-n        en     ^ 

—  —     a«                 -< 


II  I> 

II  • 

o-< 

or- 

X) 

■X 

t> 

ox 

< 

OE> 

m 

o 

II  z 

no 

oo 

(/)^ 

om 

o. 

;Dr- 

o 

-<3 

c 

-0' 

r- 

O       O  1-1 


in 

00 


,.•,2 


«1  ^-_J 


—  o 

«M 

_j 

o 

UJ 

l/)Z 

• 

_< 

o 

z 

UJ4 

►- 

UJ 

•a: 

• 

UJ 

ro 

1— 

I 

_l 

b^O 

^ 

UJ 

«»  II 

3  II 

oil 

-III 

oil 

O  II 

Ca  II 

-J 

z 

X 

1 

o 

o 

o 

■— 

*-' 

*- 

I 

I 

I 

^ 

ZQ 

UJUJ 

• 

UJH 

(/I 

ClSZ 

>- 

ouj 

■a 

f— 

o. 

—(/) 

•  i: 

«« 

XII      c£  II      (£11     <i  II        'ii      ujii      Q;  II     Oil      ui  II      0^11     a:  II      uj  ii      on      uj  ii      ui  ii      oi 

LUOOUJXQiOOZOOQiOtirZI— 

^jw  —  w-^O^***-— *  —  o^o«-— ' 


Ul- 

jruj 
«ix 

21- 

l-H 
OQ.  (/!(/)  <l 

MUJ  n         i-i  (/)         yi 

li-  _>  _l  UJ  Jj  1/1 

i-ito  «i<i««r«i  _i  OvH 

»-uj  t—        v-        ^        t~         t—  3<a  t-io 

zw  ZZ^ael  «iz  tn<io(/) 

UJO  UiUjZZZet  OUJ  t-l  ^  —  ^ 

►"•■-^  Qpi-ii-i>-i(/)  k^i>>  :T,5(/)r3 

<'>Q-  '-''"'ooori  i-i-H  Mi-ioo 


l-l         I-I         ^         _l 


oooooooooooooooooooocoooooo 

(\j  oj  rj  ro  fM 

•UJ  O  o  X  1-1  I- 

Q-Q  00333UJ03:3Q.u.xuji-i0,ij_i_izzuJuJ3a'>-0 

CLo  ooQ^Qrt^(/iorz>-«j<oouju.u-u.>-«>-i^-ii^Q-aQ^ 

oooooooooooooooooooooooooo 


00 


-<-<-<-<ccccccccccc;o;c;n;DA3»;o;D^;o  0(<i 


c 

c 

c 

c 

(/J 

1/1 

■D 

o 

c 

£> 

m 

It 

■< 

^ 

C 

c 

c 

c 

2 

2 

Ul 

to 

yi 

10 

O 

O 

o 

o 

o 

o 

■0 

T3 

c 

c 

c 

c 

l/l 

O 

-4 

m 

o 

o 

^ 

;o 

-< 

-< 

XI 

-D 

-H 

-1 

o 

O 

o 

o 

;»3 

;o 

J> 

i» 

2 

2 

2 

2 

OaDJ»2(/l(/Jt0"DOmDOOJ»</)l/)OO»»-«-l-tC0l0fc0  OT) 

^i-ioocc*>moT)rTimi>T)o-*rn;ooT3xoi-in&  otj 

c  -t  m« 

M 

n       o 

2  " 

O 

■T3-OT3-OT3CCCCCCCCCCC-(-l-H-<-l-t 

»;o-t-i-t-i-<  z 

i>x>ixxxx  c 

Z2m»»x>x>  bo 


T<r)a3i>  t/it/)[/)"Dornoooi>  c/iaoi>  -h— <i/it/)t/i 

mr-i-HO  <zc:J>mO-Drnmi>-o  -,        m        71        d  ir-it-ioi> 

zi>"D»»  Aa)r-20i-iZT)r--D  mz>-i^  o;D2or-  i/ii/) 

oci-ic  loi-ii-i-tt-i-i-iii-i;^  r-t/)too  2;ocT32  xo 

mozi~  ozz£>u;xi-(»>iu>  r'        j>        -^        vi  -oriii~x>o  rTi(-i 

;ocz'-'  oo*>cirTi-<oi~ox  m                  i>-<  (/)-<e'X)z  om 

(/)1/)I»C0  70          t-                        O          Z           1          C           f          73          M  TO                                     w  O&Zl-cm  wz 

o                 -I  -nc                 z-tct-zz2  •-'                           n  zzi/'t'Z  m-4 

Z                                C  f-ll/)                                9I>2l>-<tH>                                                                                      I  MI.                                                  I/)  toil 


4.0 


—        -«        —        ^ 


T3 

f 

c 

c 

z 

z 

l-H 

c 

z 

z 

X 

> 

MC 

II  -n 

II  z 

II  :d 

II  CI 

11  <n 

II  r- 

M  A3 

no 

II  CI 

no 

II  ro 

II 

TO 

o« 

o 

• 

m 

m 

r- 

;o 

m 

m 

t-t 

o 

OD 

f- 

• 

• 

o 

o 

x> 

TO 

II  • 

II 

II 

II I 

II  ;o 

II  m 

t> 

** 

LCD 

■jom 

z 

-HI» 

Tim 

O 

-KTO 

OXI 

CO 

o-< 

mZ 

7^ 

70 

rn» 

O" 

-< 

;o-- 

zm 

m 

• 

» 

^ 

• 

;^ 

m 

^                      ci                                                                                                     r-  —  •  z  X                  om  o  & 

c                      •                                                                                                       .  m  x)Z  a  o 

i/i                                                                                                                             —  omx  -<m(/ioD 

>-c  X  O  "D  TO 

TJ  IT'  O  — I  O  • 

XJ  r-  X  ^  -o  TO  «- 

I>  to  O  OD  Z  -< 

Z  O  TO  -I  -n  T3 


00 


o 

o 

Z3 

1:3 

-) 

O 

xo 

• 

z 

lux 

uJ 

c 

-J 

• 

• 

^- 

0 

t-~ 

i. 

VI 

M.t~t 

o 

UJU. 

^^ 

«« 

z 

1— 1 

• 

• 

3 

•0 

3L 

q: 

(J 

_J<I 

o 

to 

I 

OQl 

O  II 

•II 

II 

3M 

I 

u 

• 

0 

o  —  — 


a 

ruj 

Q: 

z 

q: 

a 

Q- 

»_ 

OJ 

^-j 

OJ 

0 

t_» 

L_» 

LJ 

0 

0 

011- 

OJ 

(/I 

U- 

U- 

u. 

^ 

0 

UJt- 

<I 

l-H 

hH 

t-H 

•>- 

•  •a 

mi-1 

— 

X 

_l 

-J 

_l 

!-(/) 

X_l 

ix 

• 

•  <a 

•  <1 

•  cx 

•  <l 

UJ<a 

zm 

—  CD 

X 

_IO 

ao 

OiO 

(*■(_) 

ZO 

ir  II 

•  II 

CI  II 

_J  II 

o;  II 

CK  II 

a    II 

X  II 

oJ 

_l 

—1 

»-t 

0 

0 

0 

0 

a        —        — 


2m  c/i3Zzi->  z        z  _iQ:z)n_i  nd 

ujo  »-4uji-ii-(2r  ujuji-i  ooozo-  — iz 

lij  _i<rmn30  Qon  iiiu.i-j<ii-(  i-i<i 


t/»  c/i[/ic/)(/)to3r5333iDr):D3Z3i-ii-"i-"Xxzz 

3  :303Z3i5c/ii/i(/icoi-i>-<>-<i-i>-iMa-irar=>303'/) 

z  aci'arcia;i/)i/i(/i(/iaooocoLuUJUji-i>-'>-'-^ 

UJ  UJLdUJUJLiJOOOOUJUJUJLJUJUJI—  ►-I—  ZZOOI— 

<J  t-i-t->->-_j_(_j_)Q_Q.Q.Q.a.aQ-a-aoozzo«i'ai/i 
Q.Q.Q-Q.aooiiiu>-"i-i>-"»-">-ii-ioooc/ico>-ii-iZQra;3 
ooooooooott  :i;a.'a.xi:*-»—  ►-=a<i-i-i>"33S^ 
xxxxrzzzzQ.ao.aQ.Q.t/ii/ii/'i'J^tt:'^'^^'"-' 
ooooooooooooooooooooaooaoo 

CM        cj        ro 
•  Ui  u.^-o  *-4Q.  o  c/i»-tz:iil3 

Q.Q     i-iiijuiUJ'aoaoLi.Qf<i«j<io>at-afO<i>a-i«J>:P'T5:^ 

0.0       ZQ.t-l-IZOOOQ.OOlJ-XQ.t/lU-XXOa^O'/)t-(/lZ) 

<'lo     v>->->->-v>->->->->->->->->->->>-<J'a«J'*'*55S 


□  ooooaooooooooooooooooooo 
rTifnrnrTirnrnmn(TirrirnrnmrnmrTirnrnrnrnrnm^>j>     ot/) 

2ZZ3332(-r~OOOOODOOa3a3aiJ>r--DOO      o"D 

ccmccmmt-in;cf-(-i-(-4m-<oCi-(i>2-oci>»  OT) 

ooooooooooaoooooooooooooo 

rrirnfTipiF.        r^r^f^rnmrnir^rrifTir^rTirTirTirTrrip^fn^^^ 

t-i-i-f-r-r-(-r-r-r-p-r-r-(-(-f-f-r-t-r'r-i-ccc 

T)-C-D-D-0-0-OT)T>-DT|-DT3-OTIT3T3T3"DTD-0-O000 
IIIIIIIIIIIIIIIIIIIXIICCC 
l-ll-ll-lt-iMI-ll-IH-cl-ll-ll-tf-lt-IIHMI-ll-IMl-ll-IWMI/lt/lC/)  O 

zzzzzzzzzzzzzzzzzzzzzz  m 

►^►^WMl-HMhHMl-ll-lrtl-ll-ll-tMt-lMI-ll-ll-IMM  r 

cecccccccccccccccccccc  c 


-1 

a 

i- 

f— 

r- 

-4 

t-H 

00 

-( 

-t 

»« 

o 

o 

»-» 

)--« 

r- 

£> 

z 

13 

-Tl 

r- 

c 

t-* 

|- 

r- 

n 

r- 

♦-I 

m 

o 

t> 

m 

X 

70 

C 
3 

»-*  ht  h-t  J> 


HH  l-H  -4  X> 

hi       t-t        i»       n 


m        ♦-« 


;^) 

;d 

CO  I/) 

o 

o 

T3C) 

-1 

-1 

rr^i-t 

i» 

» 

on 

l-"Z 
m-< 

MM 

-n 
mM 

-DO 

h-t 

-tz 
x» 

<  ^  < 

M  I>  > 

O  3  » 

I>  »-•  l-l 

CO.  m 

i-                                                        »  -I 

m                                                        r-  > 

m  f- 

m 
-o 


o 

X) 

II  m 
oom 

zm 


-n 

-H 

o 

^^ 

^ 

7) 

• 

XI 

m 

-< 

II  HI 

II 

II  m 

II  z 

HO 

-4 

o  c^ 

zm 

B> 

3ca 

ISI 

■JO 

mz 

7- 

&• 

• 

I><71 

r-m 

<» 

z 

z« 

I/O 

-< 

in 

o 

z 

-D 

o 

o 

z 

I 

(T 

(- 

1 

TO 

m 

c 

l-i 

X 

:o 

c 

c 

;d 

• 

l-l 

II  m 

II  -< 

II  -1 

II -D 

II  m 

II  m 

II  -1 

II  -1 

II  x> 

II 

II  o 

II 

m 

-<m 

in-l 

m 

om 

m 

r--i 

CCT 

>-< 

1- 

X 

z; 

z 

x» 

(-• 

n 

oz 

z 

»-*• 

t>* 

2 

x> 

X 

l-l 

m 

o» 

t-l 

r-m 

m 

—1 

;« 

O 

TO 

• 

(- 

t-i        m     <n 


^"0"D-l*>-t(/)  C  ^;C  ^  "DT3 

COCCOTIOTJ  ^  to  CO  cc 


PJ  ^  T-t 


00 


ao 
III- 


•  L> 

-IOC 

l-t 

•  K-4 

>-o 

> 

(/lO 

UJO 

z 

>-l/1 

voo 

<tQ!: 

<3  II 

1-  II 

-S  II 

<X  II 

<1  II 

O  II 

OC  II 

q: 

<l 

o 

2 

ct 

o 

o 

•-<  II     a.  II 


t- 

1— 

o 

»- 

1— 1— 

»— 1— 

:d 

UJI— 

5^ 

o 

f- 

ui 

i: 

f-l 

^ 

>— 1 

X 

LJ 

o 

^ 

o 

LU 

o 

UJ 

Q^LU 

O 

a^uj 

o 

z 

UJ 

•  UJ 

►- 

Q 

^ 

2- 

^— 

cut- 

UJ 

XI  >- 

1>0 

**(j; 

a. 

CGuj 

<t 

o 

>- 

lAI 

<I 

O. 

<3 

•  UJ 

Q-'  i 

< 

CJ 

o 

1/1 

i: 

~z 

—  Z 

«« 

rt- 

.« 

UJX 

o 

{/I 

UJ 

z 

rsi»-i 

•  z 

-^ 

•  z 

I— 

_ii/i 

• 

:c  i-H 

a 

■a 

xct 

<a 

J— i 

»— »-l 

>- 

»— *-H 

UJ 

UJUJ 

OJ 

_( 

•  r» 

•o 

(/lO 

(El- 

=>i/i 

_IQ. 

<l 

_JQ. 

UJ 

OjC 

o 

-»u_ 

CO  II 

u.  II 

a  II 

03  II 

X  11 

ct  II 

X  II 

«  II 

i  II 

Z  11 

>-  11 

•  II 

o 

3 

UJ 

o 
t/1 

2 

o 

I 

I/O 

UJ 

q; 

_» 

t~iUJ 


l-HUJO  Oi-l_l  Ct»—           ►-►-•V 

_10T  l-IO_l  >-(<I<I<T<I 

_jMi-  ozu;  ozzzx 

Oivz  Q'<aZ  ZZZ-'O 

rk^i-i-a  cia.uJ  ot-ii-11-'^ 


Z  1-1  l-i  ►-<  ,-. 


9-2  goDooriowt- 

Q-O  Z2ZOO0-t/1c/l(/0 

"XJ  UJUJUJUJliJUJUJl,  lUI 


o 


oDoooooooooooaoooooooooao 

OOOOOOl-ll-ll-ll-tl-lt-IWIHl-lMI-ll-ll-lt-cl-ll-ll-IMM  Ol/l 

mmcoi-m;D3O"0-<(/)Ci~omci-izocrTimi>;D  otj 

o  OE»o;o-i  z  m» 

ro  ro 

ooooooooaoooooooaoDoooooo 

OOOCOOl-lt-cl-(l-(>-t-<H<l-i(-iMi-ii-.l-il-il-il-(»-il-ii-< 
000acjai/)l/)l/)(/>"D-DT)"Di30C10000I>X>& 

rT'mrnmmrnTi-DT3"Oi/)t/)r-f~mmH-ii-irnrrirnmzzz 

OOOO0O0000S>»>00;D»-4-IZZZZ-l-(-t 

fB>&i»i>t.»x);o;ooo-i-tmmj>j>-(-t-i-(iii  ci 

-(-i-t-i-i-(cccccc»>»(/it/)r-(-;D;c»x)Ccc  rr 

Iixiix2322i/)i/ixxi-i(-ii-ii-ir»j>t>r>u)(/ii/i  2 


-ii/ii  t/)  I  I  "D  C"no  ocDr» 

PDIO  <  C  O  C  ZOC  fTli>^ 

J»MO  i~  X)  I  ^  ^-<         X         o  '~         n         :2,  c/)(/) 

o-tA  <  T>  m  13  "nxc  -(CDrn  -do 

ixrn  Ml  (-  r-  c.  r-or-  oi>/«  mil 

-<i-i/0  01  M  f-  ;d  ovir-  n-ii-i  on 

Oi-iM  —I  I/)  ^-^  m  ;VI>E>  OCI»  MZ 

»  /O  i-ij>»>;omi/)  m-H 

;d  11  >-i  V)  u)i-i 

"D  I/)  I»  -T) 

c  mi-i 

X  TJO 

XI» 

mx 
-im 


<■ 

o 

I 

<D 

o 

«-. 

1- 

^ 

^ 

^ 

i/i 

X 

e> 

PC 

o 

;c 

XJ 

CI 

• 

I 

T 

—1 

& 

c 

II  ^ 

n  r> 

II  o 

II  m 

II  m 

H  X) 

II 

II  I> 

II  o 

II  o 

II  r- 

II  o 

II 

;_ 

x-< 

o^ 

orn 

oom 

&& 

00 

I-t 

ooo 

70 

■n>-i 

00 

-H 

mx 

m 

m. 

C-7- 

<-z 

f--< 

X 

r>(/j 

T-K 

Ti 

E>(/1 

• 

m 

-no 

z 

z 

oom 

.-«m 

13  — 

o 

XI. 

»-l* 

» 

MtE 

s> 

■nc 

o 

—i 

t-i 

3 

t— 1 

o 

-H** 

-H  — 

<— 

X>' 

to 

A3-. 

m 

& 

o 

-0 

zo 

—4 

nj 

x 

-< 

m 

m-i 

^ 

^ 

^ 

o 

rrxi 

M 

mro 

t/lTl 

y 

CD 

f— 

-<n 

00 

m 

o 

m 

Z 

xjrn 

t_l 

»-H 

m 

o 

on 

corn 

Tl 

xz 

-n-a 

O 

f- 

I/) 

z 

00 

I 

01 

xz 

00 

-<-i 

t>m 

X 

r- 

X 

X 

o 

X 

om 

—1 

X 

l-IX! 

o 

(/) 

o 

00 

o 

o 

o 

o 

£> 

"n» 

X) 

r- 

o 

X 

o 

•1 

o 

—1 

71 

i> 

■< 

00 

-H 

o 

—4 

l-H 

—4 

hH 

v-t^ 

w 

o 

»-( 

o 

»-< 

z 

hH 

z 

■XI 

m 

z 

y 

—4 

z 

o 

z 

c-i 

-<x 

f— 

o 

t-1 

o 

oo 

C-) 

tn 

ruo 

r— 

00 

z 

00 

-4 

00 

—1 

mo 

oi 

-H 

(71 

-* 

& 

— I 

l> 

r-^ 

0(nci(-i—  3^         —         —         03 

oX3Xi»  •  mi>r-m 

II  •       no     II  r>     II  II  II  I—     II  z  II  •  II  PD 

E  -<     o-<  -n  r-     -DO  a~-  raz 

>  n  o  •       &XI  e  r-T 

-  i  X  o»  -<cQ  m» 

~  m  o  t-f**  om  m 

D  X)  i—  -n  XX3  a 

■>  m  (-)  MI-  -IT  >-i 

-3  01  <L  oc»  t>x  z 

^  i-(  m  f~  z«  o 

n  t>  CD-D  00  X 

-(  t-m  m 

>•  m^  CD  r> 

moo  X)  xj 

D  o  m  -t 


o> 


q; 

zz 

<x 

X>-1 

t— 

Ol- 

I/O 

->o 

o 

• 

<-> 

z 

o 

•  I 

»-« 

X 

»— t/l 

t— 

o 

tA> 

o 

^- 

>- 

o 

t-t 

X^ 

I 

I 

LJO 

IlUA 

^H 

z 

• 

ZH- 

UJK 

_l 

01/5 

LlJ<X 

OO 

CtO 

• 

<a<3. 

(jq; 

o 

rn 

X 

oj 

««.»— 

^m. 

—  n 

Q^ 

Z 

UJ3 

■zoc 

UJ 

Z_l 

<I<I 

t~ 

UJO 

oro 

-I 

LUO 

3  II 

3  II 

or  II 

UJO                                         M                                                       <I                          ;£  I 

ZO                                      I/)                                                   1-1                        3  I 

UJI                                 4                                            o                     o  o 

uj(/i                               -I                                          z                    a  _j 

or                                   13                                        .1-1                  •  i_ 

oo                             13                                    arz               a:<4  ih 

a:i-i  X 

oz  s 


•-1 

oo 

L3 

l-O 

^ 

t-t 

«>- 

2 

•  jC 

3 

_IO 

•  O 

e>I 

aro 

znn 

a:  II 

oil 

_)_!  o  -a  I/O 

t/'uj     _io       •  i:  —1  .o     e>x     z         cj<i  uj  a:  •  .ea  • 

W       QQ       [/>  >-t/1       >-  Q  OrO       30n       UJ  ZO  ^  -t  o  m  _l  [/l_l  I— 

3 II      z  II      1-  II     «i  II      <»  II      z  II      q;  II      o  (I      llj  II      mi  on      o.  ii  ii  uj  ii  x  ii      ►-  ii  •- 1 


wwwt^**X**_IXL3(J>->l—  '—  0>^ 


<ix 

Zt-  (/I 

i-iuj            i:i:i:i:z:  z  <i«i 

U.3r333Z3X  UJ  ai-i<I 

MI/1            oro'rKQro^^                             <a  <ii-  q^_ii-i»-4 

i-ujooooo^tt.                             t~  _ii—  <i  «ao_ji-* 

Zl-l                  _I_J_J_)_I30  «3<I<IC/)  l/l                             _)liJ  UJ                             «J(_)UlOC/1 

ujo             u.Li.Li.u.ii-oZ  i-uzi-i  z                     iijX  a                     _i>.>-iu->a 

1-iUJ              ^-^l-^l-ll-ll-lt-l<I  «3i-)<l_j  <i«jX«J  ryctnxt/li-i—i 

OQ-                 f^C^UOOl-Q'  I—            >1—            <I  Ol—            0_J<i  >-Ulij('»t^'I/liO 

(/!(/!           z>^33r)uj>-  7ijjz^  ujiii_i_iz  (jrvnr'a<iz3 

<I<I<I<I«IOlJJ  LiJ<iO>-'  _j<l3i~i>-<  a'33Q:r>;"^c 

aaaQ.au.i-  o-ixz  u._ia3>-  <3<i<itDOOo 


ao  ■a«i<t<r<toujouj>aoi-iz-i<iZ)i-'i-i 

ao  aaaaaat-3Q_ixz3iiJ_iai>- 

c/io  oooooooooooooooooo 


i-i         ci 
z         r- 


Ol/l 

ox 


n         -I         -O 


mt-i 


no     MO 


o 

r- 

z 

X 

• 

c 

II  m 

It 

II  -< 

c/im 

I 

— < 

xz 

o 

• 

nm 

o 

m         ►-I         >-( 


OCT 
XI -1 
&I 

oo 
I>x> 

C/1 


CO 
0> 


UJ  ^  <x  cc  o  UJ 

u.  —  I-  — UJ  I  z 

O        •  —  Z  'Ul  o  o 

•  O  li-  •  ^  (DV  CO  t— 

t/IO  _l  <_?  LJ  UJ«I  •  <5 

Z3  30  —  >-i:  00  —  CD         >-uj 

<t  II  <t  M  <t  M           •  II         d  II  LU  II  •  II        CJ  II        <1  II 


XUJ 

«ai 
^1- 

n 

oa 

l-fUJ 


I-  V  k-  I-  ID  X  111 

:d  ►-  CO  a  ->  1-1  a 

U  (/I  1-1  _i  i/i  _i  o 

tir  o  a  >-<  1-"  i-i  o 


f-t->-h-QUJujQ-aoo5ri:z         zz3«i 
Q.aaa_izzoozz33i-i'-''-''-'Q: 

0000«IOO'i.Q:>-"i-'>-i">-  1—  »-t-^ 


Tf 

Cli 

y^ 

-^ 

O 

0 

0 

(/I 

« 

Q^ 

2 

0 

>- 

□ 

i-l 

0 

Q^ 

q; 

a- 

or 

0 

0 

0 

0 

Q.O  o«Q^2ooa'^a'i-<iHi-i 

ao  ,-•  -  -  -         - 

too 


■DT3-DT3T3T3T)T|-0-DT3T)TJ'DT3T3ZZI-r-(-(-r-  OU) 

<n<7i<D"nocDC5i»J>>J»»>J>J>'-'zozooo?o  o"d 

i-i-f-t>r-;D;ozr-r-r-(~(-r-ai-cmc:m&oj>  oT) 


o  o  m 

C  T3  T)  2 

S  (/)  C/)  c 

CI  1-1  (/) 


-D 

Tl 

X 

"C 

■D 

■0 

■c 

-D 

■V 

-0 

■D 

-D 

T3 

-D 

-D 

T) 

■c 

T) 

■D 

r* 

r- 

!- 

r- 

r- 

1- 

f- 

r- 

r- 

r- 

(- 

(- 

|- 

r- 

r- 

r- 

f— 

r~ 

r- 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

O 

o 

o 

o 

o 

o 

o 

CD 

CD 

03 

CD 

CD 

CD 

OD 

IS 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

i>(/)j>mmo"DT)'0"D'DorTi                   o                   — *zz                   o  toi/] 

aJ-4<C<<Cl-HI-H>-'t-*t-<»-*Z                             ►-(                             — 4t/lE>                             m  "DCJ 

i'i>-ti>>-it-ii/jz^zzi-icj                   o                   E»t>o                   -t  mt-t 

/0(n-<t/)u»— tcc:czc;c:co                   &                   «—                   m                   o  om 

;Ci-lC-<-tl-i3I233iI»                        C                        (-                        Z                        00  MZ 

i-ii>i-<-<"n                                                                     cr-MdB  m-< 

i-(f~r"o                                                                         i—i-Ht-ii-i  COM 

ccccr-                                                                 ot/)                                    (/)  -n 

I        3                  :i        3        w                                                                     z  mM 

c  -DO 

2  M 

xi> 


i-<        i>        z        "n 
(-        -I        c:        r- 


& 

• 

X 

M  ;d 

II 

II  & 

I/IOD 

-n 

a 

h-im 

t~-t 

t/) 

m-< 

a 

1/1 

:f3 

r" 

t; 

~r-  —         r-ir-  —         -.  —  —  xi:d 

-<•  (/)•  r»»  OO'DTJi-i*-* 

II 5      M  5      II T      II T      II ;»     II  "o     II  m      II T)      II  ;d      ii          ii  &      ii  x>      ii  ;d      ii          ii  c  ii  ii  c:  ii          ii  xi  ii  po  ii  r-  ii  r-  no      ii  n 

I        m     £>  ^  E>  i/)(/)  a:  t"  mi>  &  r»  i     xi 

I"     i~  (/)  r—  — <(/)  »-»  -<  z-<  3r  z  t»     i>r> 

•  "D  o  T3  M^  r-  —  o—  o  o  ^     -<X) 
—     M  •  i-H  oz  r-  m  X  I  o     mo 

Z  ^  Z  ^«  O  I>  /"!:>  •  •  70 

o      m  rn  -<  y  •  t-i*  «.*  ^*  yi-( 

•  o  ac  o  rnz 
s:  •  r  i:  rn  jr  -nz  c/i  o  m 

f-     »-H  n  i-H  n  rn  t/)m  — *  t»  0:2 

•  r*  1—  i~  r~  o  r~  t-*f—  •  00  ■••i-h 
i~  •  |-  l~  1/5  l/)l/)  X  o 

xo  00  ••(_•  ox 

1-1     s:  X  I  r  o  MX 

-(     i:  1-1  i:  E  X  -t» 


X      X 

o     m 

z 


tn 
at 


OOI  Ul                                                                         U                                                                   -IMCKUJ 

_iax  at                                           ►-                                        >H<oio 

M                             OJ            O         •  OO                                                                         I                                •                                  I-                             I             UJ  MO 

z                  oi-io  i-i«                                     _ji-to_ia:                 CKO  oiLi 

Z                        -JIX  .1-1                                                                     CKlwO                        OI  Oii 

<i— 1  t-uj                                      "O^iz  c/ii-t 

UJ                          X           U      UJ  •                           X3L       ^                                                                             UJUtUJO                          Q:^  ¥~           l±J 

•  z                             _i  z                  uj:^                                              -._!                  i/)-J                  z>o  oo 

tDQf                 □_!•  ^                     t-     "                  iv.j.QTUi                 o«o  o»a 

lO                             UJ       lUJ       —1  •            l/l                                •^       >«l/)UJ_l                  UJ_J                  OM                             (J       CKi  •-       XUJ 

OI       >-                 CK       (/!>-       □  >-            CD           1/5                          »-<       <I(-l-l(DUJ                lO                 lU.                          (/)       OJt/)  •V)      IC/) 

iH  II     <i  II         II     q;  II     zii  4  11     ail      ^11         II     •- II     q:  II     •- II     q:  H     q:m     ik  n       •  ii     3  ii         ii         ii         ii         n          ii  ii     u.  ii     u  ii 
UlQ:«3i-tQ::>-«i»303' 

Q:u_ia.-io(£X-iz  —       z( 


m 

UJ 

I 

o 

I 

q:ii 

CEII 

•  II 

O  II 

H 

<x 

►— 

2 

o 

• 

m 

** 

V) 

o 

-J 

UJt- 

i:uj 

<i 

Zl- 

n 

OQ. 

IHUI 

i-i 

UJ 

u. 

IH 

X 

r 

-1 

t-nn 

z 

X 

3 

3 

*9 

t-UI 

z 

3 

»-i 

h— 

t- 

ZM 

< 

O 

_) 

X 

<i 

z 

UIO 

X 

Z 

o 

X 

3 

o 

UJ 

MUJ 

UJ 

Ti 

u. 

:3 

»- 

Q! 

e 

CJQ- 

z 

o 

h-l 

UJ 

3 

O 

imn 

Of 

z 

t- 

t- 

Z 

O 

o 

in 

O  UJ  z 

O  -13 

1-4                                    t-Ht-l  <3  I-i                                    h-UJX 

t-'Xi-ll-l  UJ  uJI-UJ«IQf3 

33ZZ  I-  (0<t_lUt-t- 

a;zoo  2  zw«ii-ii/)-j 

li-noico  <i  UJ>X>3«» 

U.C/>>->—  O  >3UJUJ— lUJ 


3333333333333i-l>-i 


CD0DmmcQma3a)CD[smcDffi        oqcdoouiujujujujujujujuj 

OOOOOOOOOOOOOOO<<V)(/)C/>t/l(/)l/)C0M(/' 
_l_I_l_l_l_l-l_l-)_l_)_l_l_l_ia.Q.>-ll-<l-llHl-IMMMM 

i-<WMH-iMWMi-il-iwwMi-ihiM>->w333333333 

aQ.Q.aQ.Q.Q.a.Q.Q.aaa.a.Q.Q.a.c»acjoc»c»aaa 

UJUJUJUJUJUJUJUJUJUJIiJUJUJUJUJUJUJUJUJUJUJUiUJUJUJUJ 


tUJ  -} 

Q.O  O3«l3>-lC0Oa^<I<I<3Qf 

0.O  I-5_)_IXOOOQ.aQ.t/13 

(/10  a.a(i.a.a.a.Q.aa.aa.a.a. 


M 

Of 

_i 

>- 

< 

< 

a 

o 

>- 

o 

3 

<x 

u. 

X 

-1 

0. 

a 

(/) 

(/> 

n 

O 

or 

a 

a 

a 

a 

Gf 

o 

a 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

Ul 

Ul 

Ul 

Ul 

;c 

;c 

;d 

0 

0 

0 

2 

r 

z 

-I  -(  -I  o 

;o         »         ;'3         r> 
C  C  C  X 


coooLOomt-irr— )toi>(/)i>  t-ni-ii-t  m  20i>  o— *  orn 

(-ii-iM-DZ— (;Df-i  o  m  Ti-riTi  ^  -,1-1  >m  1-12 

-1— i-tc/5i/)oi-ir)  -(  r-        I-        r-  <=  x"n  — ii-i  fT>-i 

CC<^>-ii-il/)  C  i-i  000  01  00  CI»  l/)M 

i/icoooococ  1/5  1/1  ;^;^;^  wr-  i  -n 

M  t/i  c        c        c;  on  mt-i 

CO  I         -T         T  m         »  -DO 

1/1  i-i 

-tz 
It- 
mx 


0"D(ri(~Z(r>io~        —        ii-f-        —        —        —        I        —        r-~        — 

;dcitj»  c^OT)of"0»  •  t>mrnox»-Hi>f— 

M  &      II  X)      M  t»      II  II  -<      II  J>      MO      ti  m      II  n      II  •  II  s:      11  II 

-<     i(/i     ■<-<     I         -(—I     CD-<         "C        m        &     i>—  i>rn     tn  ti 

&x     mor-«r-  mz-<^  i-i-     1-1  r- 

t-ir~;o"no  ;^rTi'—     213  h-*r"     —4  m 

XI         r~         i/i         — I        o  cm  o         -)  t> 

-<         o         m        m        X  o     t>x  m         nri  ro 

T-         T-         o        m  TO     r— 1/>  T>  t» 


• 

M  K 

II  i> 

II  0 

II  0 

M  z 

II  • 

-ICO 

(/) 

m-i 

-10 

-to 

& 

•^ 

X-4 

— < 

x)« 

a-K. 

c-i- 

<rxi 

m 

X)i: 

z 

hi 

;o» 

;«• 

t/ln 

t- 

m» 

• 

r.in 

^~ 

7; 

-lO 

1/1 

taw 

■» 

i/i 

m 

m 

^X 

• 

n 

-i(/i 

•<m 

-< 

J». 

— 

i-x 

X 

X-I 

xm 

X 

f-  — 

m  i> 

t> 

Ct. 

cz 

c 

1— 1 

0 

i>(/) 

00 

Xz 

I--I 

r- 

i>a 

73 

>=o 

0 

o 

l-T 

r- 

zo 

0 

mz 

z 

l- 

n\' 

m 

0 

I 

II  X 

II  ;c 

«:(- 

CIX 

t»m 

>H« 

XJn 

J> 

MO 

2 

mx 

-1 

XUJ 

zt- 


LL-oJ 


a: 

OCZ) 

»Z3 

UJO 

• 

1-Q. 

t-o 

(- 

f-  II 

a:  II 

»— 

3 

o 

3 

Z 

u. 

z 

t—  cjl/)       >-Ll)       UJ 


4  II         Q:  II        U  II 


I-  o  — 


Q  II        >-  II 
a  2 


l/l  »-<  h-l 


M  *-(  I-*  00 


Zl-I 
UJO 


U  t-1  l-< 


0^  »-l  *-•  I— 


UJ  1-t 


z 

z 

z 

o 

o 

o 

Q? 

a; 

a 

UJ 

UJ 

UJ 

o 

o 

o 

0.O 
Q.O 
ino 


O  UJ 


-Ll  UJ 

a:        or 


(O 
00 


X) 

;o 

73 

;c 

;d 

;o 

?0 

I» 

^ 

C 

-* 

-< 

to 

(/) 

2 

o 

^ 

X 

m 

c 

CO 

c 
o 

o 

o 

o 

o 

o 

Cv 

Cl 

Cl 

Cl 

o 

Cl 

o 

c-i 

Cl 

m 

m 

rn 

m 

o 

o 

o 

o 

o 

;c 

;o 

;o 

;d 

z 

z 

2 

z 

z 

o 

o 

o 

o 

c 

c 

c 

c 

c 

r 

z 

2 

2 

•D 

T3 

jt 

m 

m 

TC 

;c 

Cl 

Cl 

m 

m 

;o 

TO 

o 

o 

;c 

73 

70 

;c 

;« 

-0 

■D 

■D 

■0 

-0 

o 

I 

m 

m 

m 

m 

m 

m 

73 

73 

;« 

;d 

;c 

73  7i  73 

o        o       o 

2  2  2 


^  ■"  5 

*-<         M         m 


2i/)f—         t  (-imm-(-H-<ooT3 

domr-  zo;v/o;D/Ui-'i-''~ 

c:>-i-<o  ci-<                  wMi-HoorT- 

3t-t>-il/)  Wl-l                        222l/)l/lx>-in-D&rT1I(-il-ll-iMi-i-( 

o                   c  mmrncc;                   z 

C  <        «         <:                                          00 

3  (-t          t-t          1-1                                                    C 

I/)  f)  U)  00 


c 

c 

t> 

m 

• 

• 

II    -4 

II  -H 

H  —1 

II  2 

II 

II 

Z-l 

i-l 

(/) 

-1 

m 

CDO 

o. 

£>• 

• 

T 

XI 

m. 

D 

— i 

• 

r-t 

i> 

o 

O 

73m 

H 

m 

O 

73-» 

„^_— .o        —        zcionci 

73'<.'Z.r-7373C7373»  73 

II  i-l       II  -<      II  K>       HO       II  II  I> 


73 

o 

y)i/5 

m 

-^ 

-oo 

(.1 

v» 

m>-i 

;« 

2 

om 

t«-t 

-( 

l-iZ 

z 

I 

mH 

c 

C 

t/)i-» 

O  t-H— I 


-< 

ir  o 

II  C 

II  >-H 

o 

OD 

— * 

02 

CQ 

• 

^ 

3)o 

• 

• 

mi- 

*" 

^ 

Cl» 

o  — 

o 

o 

:t 

7S 

73 

o 

O 

n 

-no 

z 

2 

r-» 

D 

O 

m 

-0 

o 

■V 

c 

lie 

II  XI 

lie 

II  -< 

-o;d 

m 

-073 

»-< 

mirt 

m 

mi/) 

i/)» 

»x 

2 

:cx 

73 

m  — 

m 

m— 

W 

Cl 

^ 

o 

2 

no 

73(n 

11  ;d 

o 

1-173 

-n 

ZfTl 

73 

Zm 

r- 

mm 

C3 

mm 

m 

a> 


o 

o 

o 

•  o 

HH 

XhH 

Q^ 

I- or 

-1 

•a 

<_» 

• 

-JO 

>-o 

CD 

oz 

<3  tl 

O  II 

:3  11 

o 

I 

•  13 

•i/i 

xo 

-ij 

i-a 

OQf 

1-  D  on  tJ  Z 

X  OZ  (J>Q::xO                                      o 

•  U  Z           O  O          UJ        'O        'O                                      o 

xz  o         o  -< 

i-o  (JO  q: 

ZO  O           *-l  UJ 

CxlO  1-1           Ct 

cn^-t  O              U:          Uj  z 

a  _i            iLi  1-1 


•        t-:r     coto     _i        tor     >-(/) 
^11     I—  II     q;  II      •-  II  II      _i  II  II      t-  II 


•3 

•  o 

xz 

Xl-1 

I-o 

►-or 

20 

ZLlJ 

UJO 

LU 

CQi-l 

CDX 

ar 

LlJ 

XOJ 

x.t— 

LU 

UJOO 

i 

Ul 

•  o 

•  (y 

_IZ 

_i<a 

0(/) 

occ 

z 

oro 

o 

a:o 

u 

=)i-i 

o 

ret 

1—1 

LlJ 

a 

■ 

LU 

<3  lo- 
ci 

LK 

XUJ 

UJ 

• 

OJ  _J 

UJO- 

o 

(y 

^HH 

•«3 

UjCL 

t^ 

^O 

'^  H 

11 

O  II 

—  ;J  h- 


riu 
<i 

Zl- 


i-ii/i  a                   3                             ^,_.                             i_in                   nrJo                             Tx>-ii-i 

»-uj  uj(/i»—        i-insTt-i                           i-io                  :di-ilij                           a.Q_-i— I 

Zm  uai-il-IIDOt/l                                          ZIUI*-_IX                                          LUUJOO 

UJO  ooi/)^x>-arz<i_iz5<ioi-i:                  cjou-U- 

I-IUJ  '/ll/10C)lilO_J-5-5I"(J^_llt              O-^XOOl-11-l 


Q-o  xio:3LLjt-iO-j-iLiJUJZ<t<j>-ii-i3 

Q-O  OOOOOOOHJLl-IXt-lXXXZZ 

t/io  QfararQrarorcfi^a'Qro'afQ^tt'CKCi^ii' 


o 
o 


n 

m 

m 

m 

m 

m 

m 

m 

m 

XI 

;ti 

;d 

?□ 

;c 

;c 

/C 

^ 

;c 

<L 

•s 

c 

c 

c 

c 

c: 

c 

c 

*-4 

Ki 

JC 

2 

2 

2 

2 

I£ 

3 

CD 

-t 

to 

oo 

hH 

I 

I 

O 

m 

m 

m 

m 

n 

m 

m 

m 

m 

X 

;c 

^ 

;o 

X) 

;c 

;c 

;c 

73 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

<n 

Cl 

Cl 

o 

o 

d 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

C  -H  -H 


m  -«  -t  -)  -< 


2ji3coa)j3(iia)aDuocouii~-</Oiii^,''3m 
i-Hi-iK-(inrnniiTimn^rnrn:£jI2E>t-tt-tr~ 


m         n         -^ 


-I  2 

C  C 

2  2 


X        —        —        —        —        t-        —        —        □        —        —        :!£.        —        20        —        -(X 


X 

o 

T) 

II  o 

no 

II  (T 

too 

• 

HX} 

T  X 

•V 

0(/l 

I>. 

OI 

(-  — 

<_ 

(~w 

l~ 

m 

r- 

(yi 

-n 

■<-r\ 

5:2 

I/) 

O 

Ot-H 

• 

n-:^ 

o 

o 

rr- 

o 

x> 

M  X 

HO 

II  ^ 

M  T. 

II  m 

c/lX) 

^ 

— 1— 1 

!:• 

tuTim 

c:« 

• 

TX 

t> 

c-7 

r~ 

■<' 

r- 

com 

II  c:      II  ;c      11  ;o      ti  ii  n  ►-»      ii  ii  ^ 

coo         i>        m         m         z         T)         m         o 
xir-         -<m.  mm.  omc:«  •       TX     &         ci7         m         x     ox     on 


o  z         m         n 

z  c:         t>         o 


— ■         o 


Ol-l 

I   II 

o 


1 

orii: 

1 

(/O 

1/1 

UJ^ 

»— 

_) 

^ 

X  -I 

UJ 

H- 

I- 

CK 

r    t-t 

^ 

_l 

•o 

-lU. 

•o 

=) 

•  o 

LTt— 

_l 

e/>o 

<a 

_JO 

LUl/l 

—  ■a 

ZQ; 

(/I 

(jncj 

X  II 

•  II 

<  II 

q:  II 

UJ  II 

•  4       UJ<7 
t— Q.       UJO 


_l       —  « 


UJ  «a.  t-" 


UJt- 

ruj 

«ii 

i: 

zt- 

=) 

M 

t-t 

OQ- 

_( 

1-1  UJ 

o 

U. 

li. 

1-101 

1-1 

l-UJ 

o 

Zi-i 

•a 

UJO 

I 

l-IUJ 

o 

oa 

UJ 

(/I  (/I 

«3 

w         I-         i; 


I 


1-1        1-1        1-1        r 


0.0 

wo 


or       1-1        1-1 


<  O  1-1  o 

Z  O  O  3 

Of       Q^        or        or 


o 
rsj 


ccccccccccc:cccccooo(/)73;d 

■DC/l(/)l/)XII~XOrTlOO-0O     X0(~002 

xciTjmmi>i»m(~i/)-<;Dio    i>i>mi^o 

;^  O  -I  I/) 

mrnrrirTirnrTirnmrTiiTirnmrnrnrnmmrnrnrnmm 
cc;ccecccccccccci/ic/)^;^;D;t;c 

'0T3T3"0'DT3TJT3'D-D'D'Dt3T)T5r>OO-<-<-<-< 

xxxxxxixiiixir>E>uixx-i-i-i-i 
;ooooooooooooo-i-HOi/)i/)xiii 


;»3 

:n 

;o 

oo 

(7) 

o 

o 

OT3 

^ 

70 

;d 

O-D 

■0 

<n 

(Tl* 

Cf>i(-r-i-ii-ii-ii-ii-i 

I.1-IM2X3XX 


02  ZZ/Dt-tt-HH-l 

/O         o  c        c 


J> 

i> 

i> 

i/it/i 

z 

z 

z 

-oo 

1-1 

o 

a 

m»-t 

t-t 

t-H 

i-i 

om 

-n 

-n 

-n 

MZ 

r~ 

f- 

r- 

m-H 

o 

o 

o 

i/jt-i 

;c 

;^ 

;ci 

-n 

c 

c 

c 

mi-i 

-» 

-I 

-» 

-oo 

-tz 

IJ> 

-<rn 

z 

• 

o 

• 

T 

70 

X 

T) 

& 

E> 

-4 

c 

It  o 

11 

MO 

II 

II  £> 

II  m 

II  i> 

II  T) 

II  -< 

II  —1 

II  • 

II  ^ 

om 

m 

I.7< 

m 

i 

m 

(D3: 

I— 

Bl/l 

It/) 

-oe 

(-to 

mr- 

a 

m» 

CT 

• 

z 

o« 

m 

<:• 

m» 

&0 

I»X 

mi 

"0 

C/l 

Tl 

m 

f— 

<n 

i> 

z 

r-x 

I 

-4» 

X 

— ( 

E> 

o 

• 

f- 

o 

mz 

o 

Tl  I—  — 4  — » 


i-(         i-t         m 


CO 

o 


ai 

o<a 

t/Itu 

-111. 

_IU- 

zu. 

-1 II 

-1 II 

<3  II 

x^ 

t/i(/i 

• 

U- 

Q 

oa 

UJ 

t~ 

< 

UJ 

irt<_) 

XUJ 

UJ 

t— 

^ 

oo 

X 

_l 

O 

to-i 

=>_l 

U) 

UJ 

11- <I 

_i 

Ol-l 

3 

Luu: 

•  d 

X 

• 

•  _J 

Jen 

ZO 

— o 

f- 

mo 

-III 

<a  II 

•  M 

*-  II 

a  II 

Ul 

I 

_l 

^ 

>- 

(/It/l       I— u_       o 
I         -III  M         -III        "3  11  •  II        »-  II         ail        Q  II  II         UJ  II        >- II        OH        I—  II        >-  II         :>  M        Oil 

MHO 

il  _(  —  — 


v-i  I-.  ^ 


TUJ 
■SI 


MC/) 

l-UJ 

Zt-H 
UIO 


Ott'tt^i— •t-i«a«*«i<i<s«i<i<i<i<i<i«i«ic/> 

f^UJUjZ^OLDLDOLDOUOOOOOOZ 

_jooujuj<t«5<<i«i<i<t*«<i«i<<«j'3 
>-i_)_i30Q^c«rQfiy:»;«V'V-K^(VVafir 

ll.U.li.U.U.U-U.U.li-U-U.U.U-U.U.U-U-U.U- 

•  UJ  Qri-H<2                                                                                            triooQ-t/^ 

Q-O  a'ujQ^2:30Q^<«ir3_j— lujujuji-Ht-ii-iz 

Q-O  <iOQ.uj>«acDoo(_)oa.^>:>>>><* 

wo  v-t-i-iooa^oriyQjQraQrciraiQrQrQ^a'Q:; 


o 

4^ 


I-        o       (-        -t       (~ 

►-<        (-1        t-4        m        rn 
c  z  o 


X)  X 

Z  3 

M  O 


0(/) 
OT3 


r~t-lt-H*Hl-t»H»-t»-(t-H 


O  I/)  t/1 


t-i        ;o 


o        ~        I- 


l{  XI 

II  c 

II  z 

II  <r 

II  TO 

oco 

<n<n 

(/)— < 

-<;d 

XI  I/) 

ox 

t>m 

OI 

mi/i 

HT 

2 

>-i;a 

&• 

i-x 

O 

:z 

i-o 

V 

1 

m 

o 

(-<= 

r~ 

o 

XI 

o 
II  c: 
i/)(n 


3  —  ~ 


cn— *         "n 


T(-       I  X 


O  — 


m         I— 


•-*  LJ  t»  l-( 


I/)  I/) 
uo 
mn 
on 
i-iz 
m-i 

-n 

miH 

T30 


— f         — 4         i: 


•-IZ 

-ici 


xio 

E-X) 

mt/) 
i>ca 


y 


o 


\ 


U  II 


Zl— 


t-lllj 

UCL 


O  I-  1- 


a:        >-i        t-t 


I 


I 


o 


oci 


cccccccc 


•-IOCC  i-<>-iZ(~  >xcr-«>i»;ci/>i/)r-r-c/)  </)           mz 

ZO  iCJ»l-i                                                                              J>l-iJ»  l-l               v)i-i 

cz  3r>-t                                                                                    z  3-n 

s        1-1  c                                                                                                     »  c            mM 

1-1  I  2                TJO 


II  I/) 

ii  ;n 

II  s- 

;do 

i/)i 

om 

i-ii 

-r« 

;or- 

r)» 

e» 

mr- 

I 

1- 

(n 

e.n 

r- 

o 

:7i 

:» 

O-H 

<n 

(/)^ 

rr 

o 

OJ> 

X) 

m 

zr 

e> 

yo 

-1 

z 

E» 

trx 

»-< 

Z 

m. 

c 

CD 

f— 

XI 

o 

o 

m 

I 

m 

O 

O) 

o 

XJ 

• 

o 

» 

X) 

2 

t> 

2r 

TO 

o 

XJ 

11  1-1 

II 

II -1 

II  & 

H  1-1 

II  CI 

II  m 

II  o 

II  I> 

II  ? 

II 1-1 

CD-< 

CI 

—1 

■< 

I/) 

r- 

z 

m 

-< 

CI 

XI  CO 

1-1 -< 

m 

CO 

m 

1— 1 

^ 

f- 

• 

t>m 

o» 

X 

• 

Ol 

i/i 

m 

2 

1-103 

O 

2 

r- 

r 

X) 

1-4 

• 

c 

II  1-1 

II  o 

II 

II  -1 

X)l/) 

ZI 

Ci 

x-t 

om 

ox 

m 

t>» 

OCD 

Xl» 

z 

hH 

^» 

-4 

—1 

Xim 

-< 

1 

t-i 

(y)x 

o 


z 

Z 

lA 

UJ 

UJ 

lA 

Z 

» 

> 

lo 

Z 

u 

<I 

•a 

z 

Ul 

> 

UJ 

■> 

< 

u. 

u. 

a. 

> 

<I 

w 

•a 

<t 

Zi 

< 

UJ_I 

UJ 

UJ 

<x 

o 

Z-l 

-I 

-J 

Q^ 

£ 

a. 

OUI 

UJ 

UJ 

o 

a 

->CD 

u 

o 

-^ 

L3 

UJ 

a 

•q: 

•  a 

• 

UJ 

•  -I 

•  UJ 

X 

o«» 

CJ«S 

CD 

tOL 

o< 

za: 

(/) 

-J_i 

_i_i 

O 

mo 

on 

H 

Q^ll 

-III 

-i  II 

>•  II 

oil 

«» 

• 

3 

1-1 

»H 

Of 

>- 

-) 

o 

a. 

3 

X 

"^ 

a: 

CD 

_l 

_l 

o 

• 

_J 

-1 

-i 

X 

•< 

•«l 

(/)<j> 

1- 

^m 

VCD 

Zll 

Z  II 

OH 

OH 

w 

Ul 

o 

o 

(/) 

CD 

X 

I 

CO           UJ                    ^               UJ  •t-H 

•              Z          V        •          •-              V  uo 

•  -I              UJO_JUJ              o  z 
UJ_I                             ><                        U.U.Q.>                    CK                             >X                    V)X  UJt- 

o                           <iw                    4<i:}<              uj«<(/'*(/ii/>  Q^uj 

CO           u                             UJ      O          <               UJ  0.2^ 

JC             M                       U.                  M  UIO 

—  —  OK—  QC40 

•  UJ  ^IHUJ—  »-(l-l  —Of 
az  _I<ZI  «»_)  I> 
m        UJ           UJ     xo^     UJ        (/>        xcK        i-i  (/^b£ 

UJ          •>-     loa.     UJ        q;        i/)a     nio  ocia 

•  II  Q:  M  »-  II  Df  II  Q^  H  3  II  q;  H  I-I  II  3  H 
0:01-1300.330. 


3  3 

_J  X  t- 

_<  3  T.  <t  T 

r-  VI  3  _l  I  3  « 

I  >-l  (/)  3  3  q;  >- 

O.  O  lO  Z  I-  O  V) 

O  Z  UJ  <I  <I  -I  lit 

ct  n  o;  O.  •-•  U.  O 

o  0::  CL  z  -I  •-•  z 

<I  UJ  UJ  <  •-•  Of  o 

X  O-  o  o  o  t-  o 


Zl- 


OO- 

MUJ 


Zm  m  11  O  3  3  X  I 

ujo  mm  i-i        z        I—        Q.        Q. 


X 

X 

r 

X 

Z 

3 

3 

3 

3 

3 

Of 

Q^ 

q; 

Ck: 

1-4 

1- 

O 

O 

o 

o 

1-1 

o 

—I 

—I 

_i 

_i 

m 

hH 

U- 

U- 

u. 

u. 

m 

ft- 

l-l 

I-* 

I-I 

1—4 

o 

1- 

a' 

ctf 

oc 

Q^ 

Qi 

1/1 

1- 

1- 

^- 

f- 

Z 

X 

X 

UJ 

3 

3 

cs 

z 

l-l 

Z 

ax 

< 

X 

X 

X 

X 

K 

Ol! 

3 

3 

3 

3 

UJ 

Ul 

Ul 

UJ 

Uj 

Ul 

13 

13 

o 

O 

13 

fVJ 

o 

•  UJ 

Z 

Q.O 

M 

l-t 

r 

-) 

«I 

1-4 

0.0 

» 

3» 

3 

< 

O 

o 

too 

Ul 

UJ 

UJ 

UJ 

UJ 

Ul 

JJUJUJUJUJUJUJLiJLlJUjLj*-H 


X 

0. 

o 

< 

4 

Q^ 

•-4 

O 

o 

1- 

X 

r 

O 

o; 

oc 

a: 

</) 

UJ 

UJ 

UJ 

Ul 

UJ 

UJ 

UJ 

o 

(3 

O 

(3 

o 

o 

o 

o 
o  o 
o       o 

M  b-4 

O  13 


I 


o 

00 


i-t  t-i  c 


OT) 


:^        i-H        h-t 


(-         I-         r- 


H  1-1  H  M  X 


C  HH  t-l 


»  — I  -1  -< 


O  -H  C 

i  r>         -< 

m         (—         1-1 


;c         1-1         t-i 


O  1-"  1-1  1-1 


XI  o 
mi-< 
on 
i-iz 
m-( 


-iz 
xi= 


II  T) 
-IT 


1-1     r-o 
E>     mi 

CO       13 

Zi-i 


o 

O 

:^ 

m 

Cl 

II  f- 

II  cr 

II  t> 

II  z 

II  -xj 

o 

-ID 

z-< 

— i 

E> 

r- 

i-ir- 

c 

X 

-< 

• 

-< 
-1 

• 

~ 

m 

►Hm 

E> 

o 

X 

f-x 

f- 

XI 

-i 

|- 

o 

CD 

mx 

?■ 

II  —1      no 
s:-i         z 

O 


o 


uj  UJ 

a  za  (n 

0(j  oii.  <t  m  ^ 

<!■  i\  II  ct:ii  a  II  OH 

Q.  •  (D  >-H  UJ 

(/I  L3  <z  a  Q. 


u 

<a 

z 

a; 

o 

»— 

a 

X 

ZU. 

-J 

bJ 

on 

z 

■a 

o 

>- 

UJ 

<-> 

i: 

33 

u. 

-I 

UJ 

Ql 

X 

UJ 

01 

1. 

a 

l_lO 

-J 

►— 

—1 

UJ 

UJ 

• 

<l 

—> 

o 

V 

-1 

Ck: 

t- 

o- 

UJ 

:i 

«« 

E 

_l 

UJ 

1 

«s 

<i 

•i- 

ctm 

•  n 

or 

oc 

—1 

z 

3 

xnr 

la- 

• 

UJ 

a:«» 

<3UJ 

UJ 

• 

OJ 

lu 

UJ 

t~< 

UJ 

•  c_> 

l/)3 

0[/1 

lA 

>-x 

roo; 

mi 

• 

V 

m 

-JO 

a 

>- 

I 

UJ 

l-_l 

cro 

«» II 

^-  II 

4  II 

II 

CU  11 

li.  II 

a:  II 

O  II 

—1  II 

►-H   II 

UJ  II 

•  II 

q:  II 

1—  II 

^  II 

a 

<I 

0:: 

• 

3 

•a 

3 

> 

1-4 

a. 

H- 

o 

O 

3 

CL 

to 

z 

u> 

a 

X 

q: 

o 

CK 

It. 

-' 

C/) 

□ 

'— 

z 

w 

OQ. 

»-tUJ 


Z>-1  01  uJ  O  3  <t  t-i 

ujo  *-        a-        z        (/I  <i         z        -I 

i-iiii  (/I         ->         »-t        o  :^         i_*        i-t 


O  UJCD  '"'  COZZ 

O  DO  O  OXi-lKH 


I 

I 

X 

X 

^- 

►- 

*- 

»— 

a. 

a. 

a 

a 

uJ 

UJ 

UJ 

UJ 

4 

« 

«x 

ca 

o 

o 

o 

o 

Z 

z 

z 

Z 

o 

o 

3 

o 

U 

IS 

o 

o 

u 

u 

(J 

u 

•  UJ 

t— 

Q.O 

d 

Z3 

-1 

M 

UJ 

i: 

< 

lY 

Q.O 

a. 

0. 

z> 

=» 

o 

<i 

o 

UJ 

(/)0 

z 

z 

z 

z 

o 

o 

o 

o 

o 

o 

o 

o 

(J 

o 

la 

o 

z        o 


or        ii' 


o</) 
ox 


hi  h-(  X) 


;d        (-        _        1-1        1-1 


O  11 


i-l  -t  c 


—  o  —  -« 


o  —  — 


(_        ~        —        —        «, 


-0 

3 

C/1 

II  n 

lie 

II  -D 

l/lrsi 

-nx 

t>:c 

-< 

»r- 

|-m 

»-i 

o~- 

I»Z 

o 

<n 

CIO 

^ 

o 

x» 

M 

OTI 

&— 

m 

:ct> 

iTi 

o-< 

xi: 

o 

I 

ct> 

II  m 

II  -1 

II  • 

II  T) 

II  (-1 

II 1-1 

II  c 

It  c: 

torn 

-too 

z  — 

(/> 

02 

z 

x:x> 

I  ^ 

m?' 

t-i« 

o 

• 

BO 

o 

i(/) 

Tl/l 

cm 

i- 

-Cl« 

(-(- 

r- 

111 

►-■I 

o 

^ 

— *• 

l-l* 

• 

— <*» 

— **-■ 

r- 

s: 

I 

-n— 

w- 

m 

m 

n 

X 

mm 

i-» 

X 

T 

-n 

1-1 

;d;d 

XJCD 

r> 

ODO 

CDO 

-n 

— t 

?■• 

:to 

n 

OO 

OO 

rn 

i-ir- 

m 

c-i;^ 

tn^ 

X 

cv 

&> 

(/I 

o« 

o. 

B 

I 

;c 

z 

J} 

X 

X 

B 

fT' 

xo 

o 

o 

m 

CD 

m 

Mm 

I 

I 

II  m 

II  • 

It  X 

om 

— 

03 

-<z 

!>• 

1— 

• 

I 

isl 

•  l- 

•  I 

o 

• 

X 

_l 

-I 

to 

• 

(/) 

►- 

V 

»-l 

t-lrt 

i-bi 

• 

*-< 

1- 

o 

fA 

o 

o 

M 

z 

(- 

z 

I/) 

oo 

a 

I/) 

V50 

1- 

t- 

(/> 

-J 

O 

q: 

a^ 

_l 

l-l 

CO 

I 

z 

Zt-i 

o 

zo 

ZW 

co 

oto 

z 

CQ 

3 

-J 

z 

o 

X 

■at- 

IZ 

XI- 

z 

z 

I 

• 

O 

«« 

^-> 

X 

-1 

I 

-> 

o 

q: 

«« 

Ow 

0(/1 

I 

«! 

o 

*- 

_l 

z 

z 

o 

o 

<J 

-> 

UJ^ 

t- 

• 

->a 

T 

u 

q:u 

-) 

to 

O 

o 

o 

I/) 

q: 

-> 

«-• 

CJ 

(/) 

tD 

•a 

>- 

-) 

aDM 

3- 

I/) 

t/0 

• 

«« 

^i-i 

hH 

z 

—  UJ 

—  Z 

(/) 

^^ 

«« 

H 

Qi 

a: 

«« 

^o 

"t 

_l 

a. 

q;(/i 

13 

UJ 

•or 

•  o 

«>k 

—to 

9 

(X 

I_l 

Ul 

UJ 

• 

q: 

> 

U) 

UJ 

LUIS 

CJ 

-I 

X-O. 

a-X 

>- 

•  UJ 

*- 

UJ 

<J<J 

a 

o 

1- 

UJ 

«I 

=J 

Q. 

Q.O 

z 

I 

!(/) 

100 

< 

OT 

►- 

a. 

(/)I 

z 

z 

1- 

a 

a:  II 

O  II 

•-I  II 

•-<  11 

oil 

a  II 

UIM 

Ul  II 

Of  II 

Oil 

3  II 

i-<  II 

3  II 

Ulll 

UJ  II 

3  II 

1-4 

o 

o 

a. 

Q. 

0^ 

o 

2 

-i 

_l 

o 

z 

z 

Q. 

•I 
1- 

X 

I 

z 

a 

o 

UJ 

<IIA 

<i 

•  1- 

• 

1 

orco 

a 

>-UJ 

*■ 

z 

OUJ 

o 

UJ(J 

UJ 

UJ 

_i 

xo 

x 

o 

— r 

.^ 

-J 

—1 

•UJ 

• 

•  d 

• 

• 

•  o 

1  1 

^ 

«I 

d 

CD 

(/10 

►-i/i 

>- 

o 

>- 

>- 

II 

II 

ail 

(/)  II 

311 

«a  II 

O  II 

<  II 

< 

• 

• 

>- 

•a 

z 

a^ 

x 

oc 

Of 

O 

O 

a 

u 

— 

o 

— 

o 

o 

UJt- 

ruj 

<II 

zt- 

l-l 

OQ. 

MUI 

■a 

u. 

o 

t-ltO 

h-l 

l-UI 

z 

Zi-c 

a 

<x 

UJO 

o 

1- 

1-1  UJ 

U- 

<i 

oa 

I-* 

001/) 

_i 

_i 

O  3  !_,  1-1 

ZUJ  d<Il-<»-t-i  UjO 

<IZ)«I<                       <  XX<Ii-l  <>-i  ooos 

ootDQoc/)!-  ujuit-o  az  i-ibj-ai-ito 

t^i-tM^-lZOO  — l-J<II»J  lijO  _JOXi-l3 

U-iyac/IUJ^  CLQ.L3>-  !Cl/1  3Zl—           _ll- 

lj.00^'0»-z  Q'l^t^w  OV  <I«lQ:_IQr 

»-'_j»-iijj<iuj  ujuji-*i  _i<i  oQ^^adi-i 

au.i-)a=»  a.Q.>3  oa  acctJix 


01  00  V)  00  00  to 

">  o        o        o        o        o  3 

3  mCQCDCOffiZZQ. 

z  <«i<««a<<<j«i<i<i>jooooooo  o. 

IjJ  l-ll-lMl-l(-l>-l>Hl-ll-|MM>H_i_)_|_|_J>-t_  « 

o  -i-i-i-i_j_j-i_t_i_i_j_iooooouiuj<ia- 

UJUJUJUIUJUJUJUJUJUJUJUJXXXZXU0(/10 
^b^^>£^^:^^b^^!^^iHi-l>H>-ll-<000-J 

uoouuoouuuoo-j-i-i-i-i-J-Jxa. 

XXIIIIIIIXIIXXIIXIIII 
fVJ  CVJ  PJ  (M 

•UJ  I                    o.                               o                               o 

tt-O  4'-'>-'3<UJW.J>-lUJ<IUJ»-<UJUJHlIO_J«_J 

Q.O  OOOOOCIQU.I-ja>_IQ.Q.>3-JCSQ.Q. 

OOO  <<t4<<<<<<<<T<iai4<x4«X<I<a<I< 


lO 

00 

00 

3 

3 

Z) 

n 

a. 

a 

0. 

Q. 

Q. 

<i 

«i 

< 

a 

a 

a. 

o 

o 

o 

_j 

-1 

-J 

0. 

a 

0. 

<t 

< 

< 

i 


-I  -I  c 


Ol/) 
OT) 
OT) 


<-!»-.< 


Z  M  1-1  t-l 


t> 

;z 

z 

— < 

t/) 

l/Urt 

— * 

c 

o 

n 

m 

"DO 

Ai 

*.» 

I'l 

(.) 

o 

PI*-) 

hH 

»-t 

o 

;;d 

-* 

om 

-n 

z 

r- 

r-i 

r-( 

>->z 

o 

o 

t> 

T| 

O 

m-H 

;o 

U) 

-t 

o 

;J3 

I/)  HI 

3C 

c 

e 

r- 

c 

■n 

hH 

(/) 

i/i 

»-* 

» 

mil 

(^ 

c 

t-t 

■DC; 

i/i 

(/) 

t-i 
-IZ 

mjt 

-n—        ~ 


—      n-i  o 


73 

?0 

II  & 

II  E. 

o-< 

CD-< 

;^3 

^ 

c 

II  m 

II  -< 

II  -1 

nm 

o 

2-1 

mj' 

O) 

O. 

HO        II  t> 


—     -t        m 


o     ^ 

r-     -Z 


z 

z 

II  c 

II  <r 

—4 

a— I 

-< 

s:-< 

• 

&• 

*i- 

x~ 

o 

;d 

I 

■^ 

II  X) 

II  i> 

II  o 

II  & 

m 

-< 

(-0 

-< 

m 

i>  ?^ 

2 

z« 

m 

o  — 

-ni^ 


zm 
m— t 


CO 


•  UJ 

-1 

OI 

z 

(OCK 

a. 

3 

Lu 

Uj 

1/1 

l-O 

3  II 

Z 


ill 

u 


I        1-1    1/)<I 


Q. 

t-i 

<I 

»~4 

z 

<i 

• 

1-4 

o 

I 

(-1-1 

O 

ZI 

X 

o 

O 

_i 

_l 

o 

UJ 

hH 

1— 

z 

o 

o 

«IZ 

a 

ot- 

o 

o 

0? 

Ul 

Q. 

•« 

I 

z 

M 

o 

la: 

>2 

<x 

o 

»- 

X 

z: 

o 

-» 

C£ 

z 

QC 

(J 

^ 

«I«I 

z. 

o 

o 

Ul 

»- 

tsl 

• 

CX 

(J 

UJ 

'-'U. 

• 

• 

clq: 

a: 

»-l 

►- 

r 

LlI 

lA 

*H 

< 

Q. 

i: 

0. 

•  »^ 

z 

CQ 

UJ 

«ib 

UJ 

_l 

_l 

o 

UJ 

«I 

X 

3C 

•  x: 

00 

X_l 

I 

Ul 

•vt- 

• 

1— 

lU 

<I 

^ 

U) 

UJ 

Ul 

UJ 

O 

xo 

•  UJ 

(-a 

c» 

U1 

UJ 

o 

•  UJ 

• 

I 

t/1 

>-o 

>- 

V 

^* 

>-_l 

I 

o 

lO 

(rtl 

zo 

-1 

>H 

MX 

(J 

i-I 

1— 

II 

H 

>a  II 

«I  II 

<I 

II 

■a  II 

•  II 

•  II 

II 

U  II 

t-  (1 

UJ  II 

•  II 

q:ii 

>->  II 

•I  II 

►-  11 

►- 

• 

Qi 

Q^ 

q: 

a 

o 

I 

• 

>-l 

<l 

o 

h- 

o 

3 

-J 

3 

3 

_t 

o 

O 

o 

O 

a 

*- 

-1 

z 

z 

** 

1/1 

**» 

a; 

*-• 

z 

Z 

Ult- 

ruj 

<ii 

Zt- 

1-4 

OQ. 

MUJ 

U, 

1-100 

»-UJ 

< 

1-4 

Zm 

0? 

1-4 

UJO 

o 

CO 

^ 

l-HUJ 

-I 

tJ 

o 

OQ. 

U- 

3 

00  00 

t— 1 

Z 

t/l 

z 

z 

:3 

3 

«I 

u 

1-4        M        Hi4        or 


(/I  1-4  1-4 


O-  CO 

O  UJ 

Qi  X 

►-  O 

O  t- 


1-4  1-4  3  3 


•  Ul 

3 

Q.O 

Z 

Q.O 

3 

MO 

UJ 

z 

z 

z 

o 

o 

o 

(^ 

or 

Of 

1-4 

1-4 

4-4 

■r 

I 

X 

o 

o 

o 

o 

o 

o 

QJ 

cc 

a: 

UJ 

UJ 

UJ 

a. 

a 

a 

(/I 

I/) 

(/I 

4-  t-  3 


3 
O 

< 

UJ 

I 

UJ 

X 

o 

OC  -I 


IIIIIIIIIIXIIIIXIIIIIII 
f-<»-t»-*»-tt-«rnrnrnrnmrnmrTirTi(TirnmrTifTirnmrTirn     oc/) 
00»>E»rncXi;DT3XI'D030ClC)<niriOOOOO      OTJ 

ij>r-r-;o-(c>i>»'e'<'-'^^^'~'~-<-<-<-<i  o"d 

i»  CO  -<o  -*OE»  m« 

f\)  ro 

IIIIXIIIIIIIIIIIIXIIIII 


O;DX);0'='OOOQj>C.(-|-f-(-!-  l/ll/l 

0"'i-n"n"nzcc:ci>i~aDooi>  on 

t/)oooo-if-(-r*                  (~;^^;o.Tiz  mz 

i»r-(-(~i—iE«»>*»                  E>i-ii-ii-ii-i-(  m-H 

l-il-li-it-ll.^^^                                   oooox  coil 


I  l/l  C  l/l  C  M  i-< 

mm  i-H        i/i  h-t        2        z 

20  m        c  -n        o        i> 


11  0 

II  «= 

II  X 

II  0 

M  0 

II  X 

l/)?^ 

x« 

2 

ox 

*:;«; 

^ 

f-« 

0 

ox 

T» 

• 

m 

c  1 

z« 

l-H 

z 

2 

I> 

—1 

0 

O-H 

0 

m 

m 

CflO 

T> 

;o 

-tc 

X 

o-c 

X 

t> 

II  cr      n  T      II  o 


0 

i> 

0 

t-H 

II  c 

II  —4 

II  CL 

II  -n 

;co 

00 

;ocri 

xm 

01- 

» 

01- 

mTi 

c« 

(Z* 

J> 

t>x 

&i 

mo 

mo 

0 

0 

1>7^ 

&7^ 

X  •        X 


u> 


IjJ  l-l                        n          O           (_>      X<1                                  X           >-  o  ^  o  o 

i  <                  «i                         oi-i                                   or  I  a  I  Lu 

^  I—                              t-            U             O       (/)_!                                        X  U- 

j  [/I  onmujuj  ijj^>--*>- 

_i  uj                  uj        o        o    '^'^                                   jj  z  •  z  — 

o  Qf«QrL3oa'»                     "Z  •:x  _i  •:!  • 

•  o  <i  m            «a        <i         «i       •o  -J          •         _i        UJ  —id  Lj  _i<i  I—          • 

z         ^3:  z.  UJ            i:         ->         T     n  o        oj         o        uj  oi-  z  at-  h-         i/i 

X II      (->  It          II          II  II  o  II          II          II          II     <3  II  z  II     on      3 II      o:  II  z  ii  >-i  ii      z  ii  on     i-  i 


XLlJ 
Zl- 

oa. 

I-IUJ 

U.  UJ                                                         T 

t-tl/)  CD           «J           l-i                          "D 

l-UJ  CK            _1           1-1            1-1           >-            H                                          (/I 

zi-i  uj-Joorao                    -ai-i 

UjO  CDUJCkTUJ—l^-                             Z(V 

l-IUJ  »-l              t/l              1 1  I              _|              _J             «J                                «J              €3 

(50.  o        o        en        r5        LU        II                  ►-        ii 

yii/i  z_iootD_i                  z_< 


•UJ  O  (/I 

2-2  oi-i>-orz)CLo:3o 

O-O  _IQ.0^CO3>CLr»_l 

wo  Mi-.k-.l-IMhHI-11-IMO 

XIXIIXXXII 


o 


c        c 

"D  -I 

;c         o 


Ol/l 


-<  1-1  HH 


L/l  -I  >-•  1-1 


;o        -I        -I 


^00 

m>-i 

-n 
■on 


o 

I 

r- 

r> 

o 

o 

It  (/I 

II  o 

II  T 

Xl/l 

7^ 

im 

-<• 

• 

-en 

I  ^  »,  _ 

m  i:  X  o 

If—  II  t>  Mm  M  :^ 

r-  i— I  HI-  & 

m  iTi(/)  T(-  -< 

/O  00"  t-tm  — 


II  c       II  -< 


II  r»     II  » 


J>3 

mn 


s:2 


. 

z: 

3 

• 

X 

o 

>£ 

i-f 

•o 

o 

o 

s<:(/j 

on 

II 

OH 

I 

o 

1/5     _iQ.     m 


-1 

o 

UJ 

_l 

UJ 

•«I 

I 

z 

z 

QiO 

• 

o 

• 

UJ 

• 

UJ 

(D(>1 

t/1 

_» 

u 

UJ 

o 

-) 

O 

_J 

_l 

o 

a: 

Q. 

<!••■ 

UJ 

<» 

*^ 

o 

JK 

••^ 

< 

Z.4 

z 

z. 

z 

• 

2. 

01 

O 

UJ 

«« 

lO 

«X 

•  UJ 

lO  I 

«K 

m 

fm. 

• 

-1 

C/) 

MZ 

< 

• 

UJO 

9 

-1 

UJ 

-1 

• 

• 

►-»-* 

•o 

^ 

Z_l 

oc 

<j> 

z 

4 

• 

(S 

^ 

UJ 

ZQ. 

t/l»-l 

o 

UJO 

a. 

3 

m 

CD 

q; 

z 

_i 

•»  II 

•  II 

-J  II 

oil 

UJ  II 

oil 

oil 

•  II 

II 

a  II 

UJ  II 

«I  II 

>- 

q: 

o 

LJ 

I 

0^ 

1- 

o 

< 

• 

>- 

UJ 

_l 

o 

(J 

D 

z 

*^ 

tj 

^^ 

** 

•^ 

_i 

Q^ 

z 

m 

a. 

xuj 

<ii 

zi- 

M 

OQ. 

(/I 

t-lUt 

UJ 

u. 

o 

r 

i-icn 

»-* 

t: 

3 

>-UJ 

o 

3 

r 

r 

►- 

ZM 

-1 

z 

3 

3 

4 

UJU 

-J 

z 

i/> 

t/i 

ni 

1-1  UJ 

•a 

►-• 

o 

o 

o 

OQ. 

o 

o 

r 

X 

u. 

fAiri 

«i 

z 

Of 

or 

a' 

z 

o 

o 

o 

UJ 

O-  l-l  M  C/)  «1  >-" 

UJ        Qi        Qi  <i        i-i        a:        -I 


t-l  M  O 

o  ►-  z 

•s  <  o 

U.  U.  Q.  (/}  0^  _J  £ 


CO 

3  i:  r  i:  r 

Z  3  3  Z>  3 

UJ  O  U  U  U 


QiQfaQfa£Qiooa.Q.Q.aoorrxr»-i-i-i->-i-«««' 

UJUJUJUJUJUJOOOOOOII<«"««*<t<I"a<''='«*^-'z' 

Q.a.a.a.Q.a.Q.Q.a.a.a.Q.a'ii-ifHiHt-ia.a-Q-Q-Q-'^-^^ 
>->->->->->->->->->->.>-oQ-i-i-iJEXi:xs:xzz 

IIIIIIIIIIIII-.l-ll-IMl-ll-ll-ll-tt-ll-l'-l'-l'-''-' 

•  UJ  (/10Q.  OXOK  < 

Q.Q  Z000UJ00<0<03X0<0l-<>-"<3«a0-l0JUJ 

OlO  <3OU.U.Q.C0Q.QCQ._JXZ:«I(/1>-<_)Q^tt;a.«lOUJ<J)ZOI 

(/»o  v>->->->>-v>->->-v>-oD_i_i_i_)XXxr:ixzz 


00 


;d 

;d 

;d 

TO 

;c 

/O 

;o 

;» 

Ot/l 

-t 

-0 

IZ 

2 

I 

o 

o 

t-t 

o-o 

m 

(/) 

"^ 

J> 

i> 

o 

I 

(/) 

t-t        ;^        t-t        m  Q  o         ;o 

M         i-i         i-c         ;d  z  Op-. 


■DO 
M 


X  i>        •  c:        c 

HO  It  ^     II  11—4     II  ;o 

OO  I/)      "-"C  -1      TX/l 

O^  •          C  •          OI 

-^)»  mo  <; 

o—  </)•  m 

O  ii  X) 

1        M       t-i 


-lO 

LO    o(n 

-r. 

•       XII— 

o 

m. 

2-n 

o 

-DO 

om 

l/lOO 

z^-x 

O-l 

zm 

f-ir- 

X 

;d>-i 

n 

l-"Z 

/D 

i/>o 

o 

t> 

m 

O 

II  TO 

II  -x 

II  TO 

II  3: 

II 

-tJO 

-nrxi 

ncD 

m 

f-t 

c-' 

OTl 

o« 

r~ 

:n 

e> 


O  LU 

I-  <: 

< 

LU  O 


CE  II         LU  II 


<£  II 
O 


z  I- 

O  Q. 
t— (  LU 
U. 

•-■  1/1 
I-  LU 
Z  1— 

LU  ej 


<i         i-i 


►H  l-l  O 


a.  Q 

Q.  O 


o 


C  M  -I 

c 


O  Kt  t-t 


01/5 
OT) 
OX) 


O  t-H  »-, 


(Tt  t-t  Hi  >-t 


l-H  l-(  1-1  i 


(-(-(- 


"DO 

mi-1 

m-t 
(/in 


-HZ 


X 

^-4 

0 

—1 

7C 

II  o 

II  r* 

II  m 

II  • 

II  m 

x;o 

CDw 

ooz 

r-m 

msr 

:nrD 

-to 

n 

i>7 

torn 

l-4« 

1-<X 

zm 

-i:t 

(/) 

0 

<n 

0 

m» 

-H 

^ 

• 

r~ 

;c— 

r— 

l/l 

«- 

0 

z 

-< 

m 

1-1 

o 

rr* 

0 

lyi 

1/)X) 

in 

0 

XI 

1—1 

-in 

-4 

m 

j> 

urn 

1-1 

m 

02 

0 

z 

7;m 

^ 

m 

II  c- 


3 

• 

r" 

II  0 

II 

II  • 

m 

r- 

CD  — 

z 

m 

C 

0 

-i 

;i3i/) 

I 

—1 

zo 

• 

c: 

I-IX 

— 

0 

z-n 

m 

o& 

-n 

1  0 

;c        -.        -«        r- 


;d(/)     ^x     cji-        — 


c/in 
m 

0(- 

CEC 
X)2 

mo 


m        n 


N 


•  II       OH        Q:  It 

o        o        o 
o  —  — 


LU 

o-a 

a 

-in 

»-l  M 

-J  M 

a 

k-4 

2  II        -I  H 


i-m 

1/1 

^- 

s 

(/I 

J II 

h-  II 

<a  II 

O  11 

*— 

CD  _1  — 


►-         _i         3r 


ruj 

2t- 


O  1-1  M 


<  1-1 


l-H  h-l  H 

Z  Z  3 

uj  lli  Lt: 

X  I  >- 


1/1 


CO 


0.0 
Q.O 
(OO 


O  h-  _l  t-H  »-l 


to 

IS) 


(-  I-  (-  I-  f- 

»  >  »  »  I>  01/5 

O  O  O  2  Z  OT) 

^  o  05  c  m  oTJ 


Z2Z2I-II-IXIXIIIIIXI1IXXIXXI 
-«i>>e>i»i>-<-<-<'<^-<-<-<-<-<-<-<-<-<-<-<K-< 

o  cccccccccccccccccc 


2  -<3  O  <:-<l/l(/l(/)l/)73'D'D-0-0T)-0OOOZ2 

c  ^n  r*  rno-<c'Uo*-tor»t»t>i»i>;ooa3CZfTi 

o  1-12  s»  i/i;oi~i~xi<r>r-cccc(-mxo-i<.  oii/) 

M  U50  Z  -<;0<-DI>«>'-'-<l)ClDl1C<D^<-IJ>  T30 

O  CAi  o  H-ir'ir'ia.r'i-noT3i-"i-">-<>->irtOOi>i>o  mi-i 

»  i~  c  -t-<i/)c;»-nc:x"n-Ti-n-n-<zr--i(-m  om 

C  o  I-  ci-t-t»i-iZi/)-<(-f-<-(-;3omrTicr-z  t-tz 

r-  »  O  i/i                   ;cmon                    nooooi-izcit^ii-ii/)  m-i 

11  (/)  i-icc/o  r-;DA);ox)(/0(/)0                  mi-i  com 

C/)  »  (/l(/)ly1t-l  CCCCC  MC  i/i-ti 

I/)  l/J  10  I/)  I/)  LO  I/)  (TlhH 

■DO 

-HZ 

I«> 

mi 
-trn 

C  -(  CD  -D 

-<        m         ;d  c 

&        z        o  z  <: 

I  C  X  l-i  t. 

m        i-H        z  o  :d 

Z         o         t-i  rn  I-H 

I/)       A-       t-i  cm 

1-4  l/l  -« 

(/)  I> 

l- 

m 
-0 


—  T)  — 

rn        m        m 

no       M  &        II  :D 
-<^''  -<       -<-<       Tl  tOl/7       (DIM  00  -H       -0-1 

i-i  •or"        cr»       /D»         •         m     «>•         m 

oi>  ;o        »>        i~        j>  o  • 

—     I-        I 


«i« 

I 

z 

o 

1- 

t. 

;n 

X) 

I 

z 

«i^ 

I 

• 

c 

^ 

• 

m 

m 

-< 

I 

c 

3 

HO 

"  ~ 

II  -1 

II  £> 

II 

II  -D 

II  -4 

II  o 

II  l-l 

II  -4 

II  • 

lO 

-1^ 

-4 

-»-< 

Tl 

to  1/7 

ONI 

OD 

-H 

-0-1 

T5t 

t^ 

• 

o 

r- 

c:» 

X. 

• 

m 

«»• 

m 

(-!• 

oi> 

;o 

o 

r- 

I> 

o 

• 

^^^ 

-<• 

:c 

-H 

-n 

l/l 

tHfTI 

m 

-4 

m 

c: 

(/I 

■nx 

(_ 

ox 

HI 

-< 

•c 

T> 

i-i 

o 

!>• 

-0 

m 

■D 

0-( 

z 

►H 

(/) 

T3 

i> 

Tl 

m 

• 

m 

l/JP' 

m 

<: 

m 

i> 

■V 

i/i 

-< 

x> 

»-* 

i> 

mP^ 

» 

< 

z 

<c 

o 

-H» 

H^ 

rri 

(— ( 

«o 

-D 

M 

z 

z 

l-l* 

m 

a 

m 

m 

z 

o 

II  o 

II  >-l 

M  -< 

ox 

—i 

Z</) 

;d« 

m 

c» 

UJ     o 
X     T 

«    r 

z    o 
(J 
o 


q:lij 

o«i 

t-4 

•ao: 

— u. 

a:a 

•  M 

X  M 

-1 

o 

C/1      I/)  — 


UJ      UJ  ~ 


o     —        ~ 


■auj 


U.  II        U.  H        (-11        ►-  II        t-  II        ^11 


I        ^        — 


I-         i:t/i     _/ 

_)  H        OH        -J  I 
2  1  O 


rui 
zi- 
ua 

l-lUJ 


UJO 


UJ  1-1 


(E  M  hH  »—  l-l  U- 


!/i  r  o 

1/1  3  >-i 

l-t  ^  z 

CO  o  t-l 

O  l-l  u 

r  I*-  a- 


-1         o 
a        X 


z 

I 

I 

t/) 

(^ 

V 

Q^ 

(^ 

*-i 

l-l 

ac 

cx: 

a; 

X 

X 

oJ  aJ  UJ 


•  UJ 
Q.O 

ao 


<       I-       l-l 


IS) 


m 

m 

m 

m 

m 

m 

o 

a: 

3 

c 

o 

(- 

o 

i/i 

O 

o 
o 

o 

c 

r-i-r(-r-r;r;f^n^ni- 

f^  ot/) 

S  OT) 

O  o-D 

</i  u  m. 

r\)  ro  rj 

i-(-i-r-(-r-r-i-|-i-(~i-nf-i-r-r-r-i-i-i-r-i-f-(- 

CCCCrCCCCCCIi-li-il-ii-fi-lt-ii-iMMOOODOO 
l/)(/)C0t/)(/)t1L0(/)(/)(/)l/)l/)(/)</5l/)l/ll/)l/)l/)OOCCCC 
—<— (-<—*— «—i—<— 4-1— 4>-<»-<»-it-ti-Ht-t»-it-it-ioornrrmfTi  >-, 

iHt-i»-ii-ihHi-ii-ii-ii-it-i»>j»&i>j>»i>&t»7o;DX);DXj;D  m 

nooooooooo  t-if-iT)f-nrnrnz 

cccccccccc  zzr-r-i-i-c 


mcx)i-ii-iCi=>Ti  i:5jm-<mmoo  o  oct-iO 

z;Di>r-r—         i/)Zi-i  mi-iao<i~-(i—  z  oazc  i/)i/) 

c'0-<i-'i-''-<can  m-Di-i2t>r--<c:  -<  notnci  ot> 

-Ti,Tj  Hin^t-to  -<<t-imm(rirnto  z  m         t-^        *-t         j>  om 

om  zzw  r-  t-ir-«:i>z<noi-"  c  zo  i/i  nz 

f-c  ecu  1-1  r-E"  (/)i-ioi>  jc  -ii-i  1-1  rri_, 

1-13  3:i  C  t>  MH^Z  &t>i-i  i/,^^ 

c  3  i/J  e>  (-        z  -n 

3  1-1  I»  rrit-i 

V>  -DO 

l-i 

-<z 
II> 

m3 


o-«i:ooixoo  —  f-  —         —         -D~;cirn         —         —         -d; 

73cn&ooi>i>ooz»  <7)i:cino;^zic< 

H  m     Mm      11—1      n  c     lie      ir  — i  ii  — *     lie      ii  c:  lie      ii  it  :^      ii  i>      ii  ;c      ii  :d     ii  d3      ii  *>     ii  >      no      ii  ;o     ii  - 

r-m         -<     -ni/)     (rv(-     or-     -ni  i/i     <7)f-     o(~  -t     v  — <i>     -(— i     cooo     i~i>     zi-i         z         -i     oi     fin     o- 

»-4Z         m     m»       Ti— 1     ai— 4     m»  •       XI— *     E»-4  — *     1-1  »•-<     Tu)     »-iT     rn-c     rri^         n         t/i     orn     mx     o« 

i~m         X)     XI         !>•       t»*       ;o  J>»       z»  •       o  m—     >o«       -4         J>^     <.t/)        o        •       r"r-     e         2 

&            —     z        -<        -<        z"^  -<_,    CD  —     c  rn        rn—     -4        (/)        &•          •          —     cf-     i-i        3 

m                    I-         tn^    i/i^    r-  (/)'^-<'^  i/)D;omrn-4Xio  3—     i/io 

o            o     rri                              rno  o— i  -*or-Ti;D  oi>                       ^ro        *-i        ^ 

-D            o     r>        r-/0     r-;c     i»o  t-zj     i~70  70     >->  m     mo     ^        t~w                               o     >-i^     t> 

CO           c     "n        i-io    >-io     -nz  i-io     t-io  &     o  t-i-i     t>a3     o        f^i-i    r-                      cd     e>o               to 

1-1            r*                ocn     ooo         t/)  Ouo     Ot/)  -<     c  mz     "ni-i     o         xz     m                       i~i         a                -4 

CO            -4     i-         om     om     1--4  om     om  i  ico         ■r     -4        mco     r                       z     1— n                e> 

•      1-1        ;d        ;o        >-i«  ;o        ;^  ■••  i-4»      r— co               t/i»      i-«                      to     mz               70 

0  1-4        i-H        o  1-11-1  to  m»      (—        1-1        to                      •       ICO               f— 
c^oooc  00  i-i-iimi»i-4  i-i«                n 

ximmco  mm  i-ie>(-ii  &                             to                  n 

tii-i;d:o— 4  10         T3  o  i/)i-4                                                     i-i                   -< 

nor~>o*-i  00  o  t-iLO                                                        t> 

c/jmooo  00  yo  r>i-i 

m;o— 4— 4c  -4-4  1-1  i> 

01  o 
o  m 
-I  X) 

o 
o 


CM 


<a         t-H 


o 


_i  z_)        or  «a  i/i  .<  .  • 

n  oo  >-3  •x  •<!  auj  i  Jt 

_i  (/io  oiij  C/10  -ji  mx  ►-  t- 

II  Z  II  Q:  M  I-  M  -I  II  II  Of  II  0^  II 


o  •-  1- 


t-  t-  CK 


a;  II 

Zll 

UJ  II 

1/1 II 

^  II 

L3 

UJ 

e 

«i 

z 

*^ 

at 

** 

a; 

*^ 

oz 
i/i  II 


—  —  _ICJ 


a.  w  •» 


ruj 

21- 


1-1  i-i  O 


Zll 

UJO 


Z  w  >-l 


Q.O 
MO 


3 
O  M 

O  J 


l-H  M  or 


t<0 


(-r-|-i-(-r-r-r-(-(-r-r-r-r-(-r-i^r-r-r-r-r-t- 

c.-(-(-D<rioD-tooocn(/ir-         -DT)3f-oza)ciioD2  c"D 

;Dimj>i-ciooi>o-4oe»mi-4rni-<cooo2  ox 

(^  u         ro         cw  ro 

r-r-r-r-f-i~r-r-r-r-i-r-r-(-r-i-r-r-r-r-r-t-r- 


•o  X  I  I 

m  m  X)  XI 

«  /O  >  & 

2  2  <n  CI 


nm                     mcaOJ                     o«;Dr^  f)                     rn;Di-(-<                     rTimm                         -do 

Ti^                     r~*-iA)>-t                     s»r*t-tt*  fTi                     ix>(/)^                     i>j»j>                         fTiM 

o(/)                   r-"nj>-n                    -*r-zr"  r-                    zzmc                   i—         r-f-                       on 

;orn                    t*r~                    m                    j>r*r>t-H  ►-»                    rn-it-t:E                   i-tt-it-t                       khz 

z                                          ox                               i»(/)i-i  I                                          i/i(/)oo                       m-i 

M                                       ;o                  J>                            ^  c                                                                                    coi-i 

o                                       >                                                 i-i  2                                                                                        -n 

c                                                                                          o  mi-i 

■X                                                                                                                         M  "DO 

a  n 

rn  — *z 


> 

o 

X 

II 1- 

II  c 

II  to 

&l-< 

aro 

-< 

(-00 

t>r- 

XCD 

-<• 

(— 
<- 

t/O 

ox 

m 

-< 

r* 

(- 

r- 

XX 
OS 
3» 

~  Z           ^           -I          —           — 

I  <= 

HO  11—1 

I/IO  -H 


• 

r- 

(/I 

K-1 

o 

• 

r- 

• 

II 

II  • 

II  2; 

II  X 

II  X 

II 

II  • 

II 

II 

Slcn 

z— 

ro» 

zm 

o 

r-cc 

— 

i-o 

X 

o 

o 

X  — 

ox 

z 

MX 

t-l« 

m 

oo 

X)X) 

o 

X 

<n 

t/)» 

(- 

X 

X 

o« 

— 1« 

fZ 

—1 

-t 

• 

>x 

m 

r- 

I 

oc 

I 

m 

Xt-1 

z 

» 

mm 

1— — 1 

s: 

X 

o 

MO 

■r:' 

z 

X1X3 

1-1-1 

m 

t> 

• 

t/)I 

K-1 

o 

Z» 

T>' 

CO 

-• 

• 

& 

z 

u 

t~t 

• 

t- 

t— 

<x 

l/it- 

E 

zo 

O 

oo 

_l 

UK 

>- 

•» 

lO  l-l 

►- 

3 

o 

•  O 

o 

Il/I 

a 

1-1-1 

H-oji—         o                lot/)  i-coz  too                I 

(/)            O                O            DC                      OH'  O  bO            Z           O  ^1- 

ofo  oc  zoo:  oa.               I 

o  o  u        o  oui 

cjtt  Ul  O                                           -I                   > 

V-  cj  —  to 

•M  •  •        u)                  tj            a 

^-^  »-  »-                    •        I/)  •uj    uj        I 

_io  _i  (/I        X        X        o  i>    lo 

mn  3  z       t-        I-        a  i-<     o 

Ol-l  O  O          4          4  <IljJ     oc 

om  u  u        X        X       (V)  X-)               u        o        lo        o           z 

w  q:     -,«     ^ 

~lO  -.  ij           »,           »»            ,  ^uj                    —           •«             .           «uJ      -IX 

•  O  •  ••H-.O         •••!-•>-       -ICK         • 

h-l       ►->-       O            tAJ             _J            1—4       1-<I          •            ;/)0  1/1  •            h-             ►-             _J  ¥-1       ►-             it             H             _l            I/IIU       UJO       1- 

l-O  1-  I            >-            1-             3  >-_l       _l            O            1-             3            l-O       lO       _l 

«I  M  <t  II       »-  II       3  II       3  N       O  II  3  II       3 II       O II       3 II       OH       «a  II       O  (I       3 II 
ZZ4ZZOZOXZU2XO 

1/1           —          —          OOX           —  —  X           —          —           <-  —           (J           —           —           —          •-           —          O 


o 

K- 

a 

^-4 

1- 

3 

M 

O 

3 

CO 

(uo 

UJI-I 

(/)(/) 

com 

Ol-I 

o 

Q^m 

a<i 

(/I 

z 

l/ll- 

oo 

o 

o 

OO 

ao 

a 

CK 

CKU 

a 

u 

u 

lOl- 

U3  1- 
1-1 

<■« 

1-1 

•  3 

• 

tu 

•  3 

t-O 

1— 

lo 

l-O 

-ll/O 

UJ 

-J 

o 

-100 

3M 

(/) 

3 

Q£ 

3h-i 

om 

o 

O 

003 

o 

a 

LU 

-J 

1-4 

1— ' 

(/) 

3 

_IO 

-i: 

O  II 

on 

3  11 

3 

a: 

o 

O 

O 

— 

** 

U 

o 

<II 

z>- 

1-1 

OQ. 

MUl 

X 

X 

u. 

X 

1-1 

3 

3 

X 

l-l  CO 

4 

3 

1-1 

M 

t~ 

Z 

3 

KUJ 

« 

Z 

X 

»- 

X 

UJ 

4 

4 

w 

f- 

ZM 

Z 

Z 

3 

4 

4 

o 

o 

t-1 

i-i 

4 

UJO 

M 

4 

1^ 

3 

1- 

I 

UJ 

•H 

X 

CD 

b^ 

O 

MIU 

^ 

X 

1-1 

cs 

t/1 

C/» 

o 

>- 

3 

X 

o 

1-1 

CJQ. 

o 

t- 

r 

1-1 

3 

o 

z 

(D 

U 

3 

in 

1-1 

a. 

l/>(/) 

a: 

Q? 

-1 

CD 

LS 

4 

4 

Z 

0^ 

_l 

3 

(/) 

m 

UJ 

O 

4 

X 

Z 

q: 

K 

4 

O 

O 

3 

3 

M 

O 

^ 

4 

4 

m 

CD 

O 

CJ 

O 

o 

U 

U 

X  X 

3  3 


3 

O  w 

1-1  (*■ 


O  4  O  O  UJ 

O  U.  U.  U.  O 


xxxxxxxxxxxxxxxxxxxxx 

4444333333333333333333333 

a-i-j_jM»-»-K»-»-i-»-»-i-Ki-K-»->-»->-i-i-i-»- 

>-UJUJUJ444444444< 
OmcDCDZXXXXXXXX: 
-JOOOOOOOOOOOOi 

-'-l-l-J-(-i_l-l_l_l_l_l_( 

fO  M  J-     CM     J-     PJ 

_l  »- 

z   «   Of   4   l-l   o   o   : 

4    CD    (S    O    O    O    O    ( 
O    O    O    O    O    O    O    ' 


0.0 

UJ 

UJ 

o 

4 

4 

ao 

10 

CD 

o 

)^ 

X 

(/)0 

-J 

O 

o 

o 

o 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

z 

E 

X 

X 

X 

X 

X 

X 

X' 

X 

X 

X 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

_l 

_l 

-1 

_l 

-1 

-1 

-J 

-1 

_l 

-1 

-1 

_l 

OJ 

rj 

o 

UJ 

X 

X 

-) 

M 

l-l 

l-l 

1-1 

o 

4 

o 

o 

Ul 

o 

q; 

<1 

o 

Q 

Q 

o 

o 

U. 

u. 

u. 

o 

o 

19 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

IS) 
00 


o 

o 

o 

OM 

I 

I 

<D 

O-D 

I> 

» 

;o 

OT) 

n  :i  3 

t-t  j>  t> 

Z  X)  7^ 

CZ  -I  -I 


-I       XI        1-1 


C  >-l  >-H 


rni-t 

-DO 


II  <r 

m  — 

(— 

mo 

i>o 

-nc 


I  j>       II  t>       HO 

—I  — I      ZCD 


3 

II  -I 


m         -(         I- 


o         T)  s:  ^  <n 

I  c:      II  c      II  i>  no      II  ♦ 

r-     03^  -i  </) 

—I     i>i/i  c/i  m  jr 

•        /CI  .  —  . 

m—  — 

!r>      CO  3  c_ 

— <o  o  t»  o 

;c     mo  o  — (  z 

o     3C  c  X  m 


3 


>.         ~         —         :z 


o 

^,„ 

^^ 

o 

z 

-< 

II  c 

II  cr 

II. 

r~ 

CD-I 

°°,  , 

-^ 

M— 1 

1-.  t^ 

• 

<n« 

o 

C/)  — 

oo 

en 

m 

!-• 

mo 

o— 

;o 

oo 

;d 

o 

c 

o 

l/l 

|-r- 

030 

m 

o-t 

nC 

3« 

tor- 

Js 

O-l 

_,tl 

C' 

t-H 

HH 

c;o 

-.t" 

:«o 

^ 

(/) 

OPO 

m 

oo 

-I01 

—  3 
H  & 

II  t>       II  —I 

-i  X 

(/)  i-( 

•  c» 

—  l/l 

o 


CM 


0:2. 

o 


3ii- 

^_l 

0 

0 

0 

o< 

OUJ 

Q^ 

or 

0 

ULU 

C_)(_) 

*- 

_l 

1 

to 

to 

0 

-«UJ 

—0 

I 

IZ 

cz 

•  i: 

• 

• 

oa 

(/in 

LU 

>-o 

h- 

^- 

^0 

CKZ 

:> 

t-O- 

_J 

-J 

<a_j 

_)  M 

0  M 

3  M 

->ll 

Z>  II 

Ct  II 

a 

0 

2 

0 

0 

^ 

*^ 

X 

'— 

0 

0 

0 

_j     uj  t-  uji/1  z            _i 

O      Oj  O  ii:3  •  LU 

X  O  Ot—  O  LU               t/i 

t-H      LU  VI  -*_j  -*  o              _i 

z  a  •  >-                     o 

•«i      •  (y  iu>  lu  —  ujiD     UJ 

ICL     _i  >-•  >-i-(  _i  ^  i:o     z 

Ot/i     CO  rn  ZCD  H-  UJ  ujq     uj         i 

i/i  II      :3  II  II  UJ  II  t- II  cell  UJ  II      uJ  II      z  II      -ail     h- 11      uj  11      011      uj  11      ^11      in 

no  •tDOQCto:! 

lio_)  —  —  —  OOi 


—  d 

a 

• 

a 

•  :> 

>-i: 

I 

<r 

1/1  UJ 

UJO 

1— 

•UJ 

h-Z 

_ii- 

z 

^T 

■a  II 

1—  II 

UJ  11 

0  II 

2 

I— 

CD 

0 

OQ. 

WUJ 


HOO 


zi-i  zz(/)_)t-i-i  or  <ick::3U-U-:3 

UJU  Q^0'OZ3<IZ  O  OOOI-H>-IO 

*-lUJ  ill  111  (V  f5  Z  O  II  i-l  ,_l  ^-^  C/1  (/n  t-H 

fO.  i-i-uji-it-ic/1  1-1  o.or't/ii/it- 

t/i(/i  i-ii-iffia'ot-  — *  ujott'«i«JZ 

0'ii;o>-<<  d  j.i-ioq;ouj 


(O 

</l 

3 

-) 

a. 

CL 

or 

Q^ 

"3 

<3 

i 

X 

0 

0 

3 

3 

0 

0 

Q-O 

or 

Of 

:d 

►- 

Q.O 

1— 

1— 

33 

MO 

0 

0 

0 

0 

\ 


to 

o 


OD 

w 

t> 

fc 

?0 

X 

73 

-^ 

O 

;oxi;o;o;iizrr-t--not-i-< 
"D   o   »  "n  z 


c 

c 

c 

c 

c 

Ol/J 

z 

I 

l-l 

X 

m 

OT) 

» 

-< 

z 

m 

-( 

O-D 

ccccccccccccccccccccccc 

-DTJ-DT)-D"D"0'D"0T3TJ'0-D'D-01-ii-«i-t>-i>-iMrTim 
►HI-ll-ll-IMMI-IMMMt-IMMI-t^-lZZZZHZ-l-l 
Z2rZZZ2Z222Z2ZZ»«>I>»t>J>??J^ 

ccccccccccccccc  mm 


O  l-t  •-»  t-H 


m  m  o  m  HH  n 
ii  z  ,v  ,«  -»i  "n 
-I        -»        m        i/i        xj        ;jj 


1-1  l-H  ll  O 


s'r-oooci~»-."D"0t/)i:otDOfcmi—  ~o»«         — 

&«•  •  •         ozxic:ci-ii>»  mo<n«  •  <7^        lo        in        c\ 

II  —I     II  J'      II  II  II  II  f-      II  c      II  ^      II  ;c      II X3      II  -r      II  -( 

(/)C/1      CDO  T3  "O  "O       T30  — <  O  LO      COt/1       — <tO  l/l 

!•      i-T-         •  .  «       ^i-         -H        CD         I     1-11     ;d  •  •  t     Mt-         o     ;d:»     c-  m        d         -<         -<     i-ti     cri 

o        o»  !>•  •  •  r-         m  •       z»  X     mm     T)  z        c         ^        ^ 

XJOtO(/i(/it-i— '«-  <m  t/t  m  xxi-imHH  <z        -**- 


r-         "O  -DO 

c:         i-i  t-ir—         X         X 

~D  Z  Z«  i-i  hH 


II  Z 

II  a 

II  » 

II 

II 

—4 

-oc-i 

« 

oo 

r~ 

T 

i-tr~ 

o 

;dx) 

r- 

• 

z» 

X 

mm 

TJ 

m 

■XL-Si 

l-l 

m 

z 

r—x- 

T- 

m 

c 

c 

-DI 

TJ 

MO 

t-» 

ZO 

Z 

m?^ 

m 

II  cr 

112 

r-xi 

f-<r 

(TOO 

CZ' 

mx 

m 

-4*- 

—4 

7^ 

K 

mx 

E» 

&C 

■•• 

z 

w 


>-cr    i/icD 


z 

-J 

I-* 

to 

< 

M 

• 

• 

• 

a 

TL 

t-t 

a 

(/)<t 

o 

• 

-I 

_l 

t: 

• 

»- 

1/1 

CL 

or 

:d 

o 

a: 

I/) 

o 

lA 

-1 

l/l 

3 

UJ 

_i 

•CkT 

D 

z 

• 

ZUJ 

UJ 

UJ 

Q 

•UJ 

_) 

2 

Q.CD 

»~i 

o 

I-IZ 

•  Z 

ie. 

i: 

CO 

U.Z 

o 

li. 

:^ 

CD 

-JM 

ai-H 

I-H 

1-4 

»-1 

CJ 

-I 

<a 

•  <1 

-J 

o 

,-^ 

a 

a 

Q. 

-i 

9 

•  u. 

UJ 

li. 

UJ 

Ol-> 

•I 

a: 

• 

3 

•  3 

=J 

Z 

OZ) 

m 

UJ 

^ 

OJ 

•  I— 

z: 

>t_i 

uj_i 

•  —1 

X 

l/l 

-i 

X. 

_J 

a 

—  i: 

I-ljO 

Lj 

t/> 

UJ 

i: 

UJ 

^* 

>- 

t— 

•< 

q;3 

• 

1/1 L3 

ct 

~ct 

iAOC 

«» 

QJOr 

ara 

1— 

lO 

UJ_I 

I 

Z 

Q^ 

• 

'Z2 

•  :3 

3 

• 

• 

UJZ3 

• 

UJU 

•  »-t 

OCT 

_IO 

a 

•  (_) 

UJ 

Q. 

-la. 

JO. 

•O. 

-1 

CQ 

-la 

_i 

_IO 

l-_l 

croj 

_ICJ 

0^ 

a_i 

u. 

0(/l 

-11/) 

a.  (/I 

o 

O 

-I  I/O 

o 

-1 II 

t-  II 

<i  II 

UJ  II 

•a  II 

11 

1-1 II 

•  It 

->ii 

UJ  II 

II 

oil 

>-  II 

UJ  II 

3  II 

UJ 

3 

o 

X 

o 

• 

a 

O 

o 

^ 

• 

o 

Q^ 

I 

o 

•UJ 
_1Z 

Ot-l 
ZQ. 
1-1=) 


O  —  —  O  —  OO  —  —  Q  —  •'O  —  —  o 


Of  3i-lO<i;  OZf-l3>  Oi-Ii-ICQI 

m  _j»-zcao  _ioxuj-i  hi/iclojo 

3  o«i03i  <30<ai/)i-i  aroujoi- 

Qf  0_l_l(/l)-  OU-IQ.(/>  CXO— I-J3 


Zi-l 

t^ 

UJO 

Q^ 

t-i 

l-tUI 

III 

Itl 

oa 

:i 

^ 

win 

U) 

(y 

or 

3 

CD 

m 

_1  _l  o 


l/1C/)(/51/)l/)l/ll/l(/1l/1(/1(/ll/)l/)l/lC/)l/)l/lt/1l/ll/ll/)'/'t^'/^''' 
Z53333303333333333333=)3222 

^n-z.'x.-z.'z.-z.-z-z.zz.-z.-z.-Ti-z.z.-z.'z.-z.'z.'Z-'Z'z.'z-z.^ 


•UJ 

Of 

Q.O 

Of 

3 

«r 

« 

O 

O 

Q.O 

(S 

ai 

o 

o 

o 

X 

lOO 

= 

n 

3 

3 

3 

3 

I 


r-r-r-i-r-r-r-(-(-r-r-r-t-(-i-(-(-i-i-f-i- 

ccccccccccccccccccccc  oto 

;^-nTiTj-DT3'0T)T3O223:iir-r-t-r-r-f-  OT) 

i-iCci/)oooo»>;ii*>i-i>-'t-i>-i-<-<i-immm  o-d 


■z.        -z.        -z        z.        -z. 

c        c        c:        cr        c 

to  l/l  I/)  I/)  I/) 


mmoi>j>i-ic^ct/)OoooE»Tii>»-th-*i-it-t-<-<t-Hm(Tim 

/OXiix^Dci/)(/)mr"r-c-r-/0^zzoooi>E»-iccic  i/)i/) 

i-ii-imoi-'Ci-">-ic-<-<-<-<ci>ci>-':^;Dxif-f--(Oc)o  do 

c>v>;_c/)^r~r—         r~0"V^'OT3»-'— 4t/)^ooj>f"r'ootjo  nit-i 

mp",         □3Ci-ix»r-r~oixxx"nc;                    ciooz»-»M;D'g-o-g  orri 

ccrTii/)i-'^cC'D-<-<-<-<r~i/)                  (/)j>i>-)(-ii-ii"Xii  "Z 

i/ii/);«                              f-itoi/ii»r-r-r-r-o                                          ;cnx                               r--<-<-<  m— i 

j»                              w)                              ;B<~r~(~r-/0                                          "OTJC                               i-<r"(~l~  uii-i 

m  <ccccc  cci/i  i/5i-r-r--n 

i-iLOi/)i/ii/)i/i                                       i/)t/i                                                 ccc  mi-i 

"n  I/)  i/J  irt  "DO 

f-  1-1 

o  -<z 

;d  xe> 

(/)  -nm 

T.  M  -0TI3  3  r-  -tr-o 

(/)  Z  X)i>cz  i-i  O  mrnr» 

o  -\  cr-xi  O  03  2cr< 

-I  m  z        r-        -K  7a  o  corni» 

M  x  o>-<rn  o  M  i-iO(/ixi 

z  z  -n        ^       *-^  o  i-H  ti-oot-i 

m  oxi-i  »  "Dxnim 

Z  Zh-1-d  31  l-l^2-< 

t/i  -Hi-m  TJ  Of-l/)I> 

I-H  l>ci/)  C  Cf-r" 


■d 

c 

-< 

O 

o 

o 

X 

c 

II  X 

11X3 

II  a 

II  z: 

Hcr 

II  c 

II  m 

II  XJ 

hH 

00  CO 

3 

X)m 

o 

(/)<D 

f— 

Xl/l 

f— 

III 

• 

or- 

r~ 

-<r- 

r- 

ex 

I- 

r— 

oi- 

• 

Xi' 

m 

(/) 

l-t 

^ 

^ 

m 

X 

•H 

"D 

-< 

m 

E>m 

«- 

-< 

f/> 

f- 

•x 

T>^ 

-— 

(- 

c= 

o 

f- 

<= 

T 

T 

r~r- 

• 

c 

O 

-0 

KH 

O 

CM 

■D 

• 

I-H 

z 

o 

■oz 

■n 

i-l 

z 

m 

^ 

i-iO 

Z 

(- 

m 

• 

zr- 

m 

XI-.           —            —           f-ZOODCOOODOOO  —  a  — 

O  •             X)          O  &  O  I 

II  c:  II          II  i>     II  c      II  •       II  c  no 

"no  r-T3i--<(/)0  tnxx 

I-         (/)     i>r-      o«       X)(-     xr-     mr-                 x         >-ii-  o»       -<         I|-  ^  r-  o« 

m»  CD        t>        o»  m  •  !»*' 

i~  a3i/>     I-         X3  (-  X3 

am  X     I-         rnm  i/i  m  -<o 

•X  f— •                                X  •  X  • 

r-  c        I-         r-  —  <: 

cr-  T        c        cr-  I-  rm: 

"Dl-I  t-«           "D            "Dn  O  l-H  !"• 


►H  o        <-l 


z 

o 

o 

D 

to 

c 

o 

o 

o 

II  -1 

II  c 

II  c 

11  c 

II  3 

l--< 

o<r> 

too 

r-o 

to 

o« 

T\f~ 

■Kr- 

mi- 

o 

Z» 

-<• 

&• 

orr 

J> 

to 

mx 

-*m 

1- 

-tm 

T) 

mx 

cr 

X 

ox 

-D 

f— 

r-« 

r-f- 

I-" 

ex 

m 

CM 

Z 

-DO 

c^ 

XIZ 

m 

l-iO 

|- 

wo 

Z7^ 

c& 

zi- 

rr» 

I? 


I 

_J 

HUJ 

H- 

mz 

t-t 

I 

Ol-H 

X. 

(/) 

O^LL 

in 

h-4 

_l 

H- 

U  < 

• 

t-H 

OQ 

CL 

li 

u::d 

1/13C 

bJUO 

•  tl 

q:  II 

Q.  II 

O 

:= 

^-^ 

w 

Q. 

a. 

llJ  • 

oa  — 

03  X 

X_)  >- 


X.Q; 


»-l 

oto 

CO  II 

^  II 

o 

o 

a 

D 

ILt-) 

1/1  a. 

:d 

•  _i 

UJ 

a 

z 

r 

n 

•  UJ 

a 

Oh- 

=3 

C/1 

_1 

Z 

3<i 

o 

UJO 

X 

>-« 

_i 

*— 

a 

t/l_( 

UJ 

r 

no 

•  >- 

« 

■ai 

</>3 

o 

a.  II 

♦—  II 

II 

n 

li 

_i 

in 

o 

(/) 

(J 

UJ 

=r 

z 

PQ 

o 

3 

z 

—I 

O 

z 

z 

CD 

Z) 

C 

—        -^        I 


zm  :3^'-i03Qrci^Qra3:Di-i  <a^  z  zuz 

ujtj  uiujQ.xxo3r5:Dmcni-i  _i<a<io  i_it—       «i 


t/l 

(.1 

t/1 

(/I 

3 

13 

3 

3 

z 

Z 

r 

Z 

z        z        z 


O-O  Ui  UJ 

ao  t/i       c/1 

coo  3  O 


o  -a 
o  -a 


—         o 


<n 


lie      II  HO      II  m 

TO     (/)o         I         m 


i^ 


I- 

o 

I_l 

(U 

^ 

OdJ 

•» 

_J 

z 

-J> 

< 

UJ 

3 

• 

hH 

^ 

^ 

t-Z 

I 

w 

(/) 

n< 

o 

X 

,,o 

« 

z 

o 

'^w 

z 

Of 

-1 

q; 

M 

o 

l-_l 

ZUJ 

w 

•I 

(-UJ 

UJ2. 

>- 

t-*- 

o>- 

t-«i 

_l 

^-  II 

XII 

_i  II 

II 

o 

u 

3 

• 

IH  t-vz  OZO  I_l  cr 

ac  (0<iui  ZOK  —  a  >-«i 

I-  <3q:iij  oq^u  oxo<i- 

(/>  OCX  Ku  (ujinuja: 

UJ  >-o  o  — •  ^o  UJOZ 

o  zi»»uj  ~o:cj  •(-!•        •lo'     —        uji: 

•         >•         UJ         z  CD         _jcr     ir         z<a     »-         zuj 
>-        «        Q.        o        >-  _ju_     a        i-»>-     <        lli_j 

<x  II     0^ II     HH II     Qc »     <  II  •  II     «x  II     on      -I  II     q:  II     UJ  II 
q:oq.oo;iz»-ooq: 

O-'^'-'O  —  OO  —  JC  —  O 


00  ►- 

Q^ 

4 

UJ 

UJ  II 

Oil 

CK  H 

UJ 

UJ 

0. 

o 

a 

z 

*^ 

•* 

(J 

a.  I/) 

UJ  3 

_J 
-I  _l  (/) 

(-  UJ  •»  X  "-"  (/) 


ruj 
<x 

Z¥- 

OCL  <I 

•-"UJ  «                             (H                                                                               CO 

U.  £<(/IQ^_l                                                                 Z(/)(/1t/) 

•-'t')  3                        >-•                        wO                        0«l                        t/)l/)UJi-ll-<M 

i-uj  z                 ar<3Q;-J                 u.m                 zzq^cowco 

Zt-c  <l                        <I                        <h-H-U.                        MC^                        UlUJl-iZZZ 

UJO  (/I                          O                           _I«I(/)1-I                          Q.«I                          OO^UIUJUJ 


t 

tJ 

a' 

7- 

z 

or' 

3 

Z3 

UJ 

Z 

0. 

t- 

»-i 

V) 

-I 

3 

o 

O 

4 

u. 

M 

»-l 

Of 

t~t 

z 

Of 

o 

►- 

Of 

UJ 

o 

U) 

o 

o 

o 

o 

u 

z 

1-4 

>a 

M 

< 

<x 

z 

-J 

-1 

t— 

< 

< 

o 

l-H 

1- 

o 

CD 

(J 

a       a:       Q?       Q^       :3 

UJ  UJ  UJ  UJ  Q. 

X  I  I  I  Q^ 


I-I33I-4I-1I-II-IM  zzzzzzzzzzoo 

t>->-IIIII  <«I<4<Jcl«I«<l«JOO 

UJXX44<«<333UJUJUJUJUJUJUJUJUJUJUJUJ 

OMWMI-ll-lMIHXXIXIIIIXIXXIIX 
IS  -  .... 

>->-v>->->-^>->.>.<i«i«i<<i<4 
-J-j-i-i-j-i-ij-i-ixxxxrxx 

rj         (M  CNj  <\j 

_J  W  4 

X  I  4  X 

(/)  C/1  t-  U 


•  UJ 

13 

a.Q 

a 

ao 

in 

to 

too 

>■ 

>- 

X 

X 

I 

o 

o 

o 

4 

4 

4 

X 

X 

X 

liJ 

19 

I 

X 

X 

to 

to 

to 

I 


i-iJ>&t-ij>;oi-xf-i-i  OTJ 

2  m» 


^;j3;o;«;^;c^;cr-r-r-r-f-i-r-i-n(-ioa 

i-imCC»I»II»'J>»>I>>E>002ZI>I> 


1-1         l-i  c 


on 


II  II  II  r-      II  II  HO     II  •        MO      II  m     II  i~      MX      II  c=      II  :z 


HO 

II 

II 

II  z 

M  r- 

II 1- 

ti  • 

II 1- 

^ 

-n 

o 

i-t 

f- 

3r- 

o 

ar- 

• 

m 

o 

OI 

J> 

JJ  c-> 

t-irt 

-V 

:r 

£>• 

;c 

m 

<D(7l 

•-I        on  »ci  z-i  j^r-  &                    o  —         —     (/I 

&         o»  a  HI-  o  O2;o  7^                            ~i 

■^         ■:r—  r>  zm  -rs"  om<-  moKm 

i>  -<  o  &  -(i-CD  o;DrTi:^ 

i-"0  3i>  (-  XI*  m;^-( 

oi  :i  &         i-  o  >->  "z.                 r> 

;om  &(-(-!  x„  m^ 

oi-  z  I-        o                                                               *■  2: 

oi-  ^  o        z                                                               2  m 


urn 

xm 

•H* 

ox 

— * 

i: 

(-(/) 

-<r- 

rr-» 

t-t 

• 

-HZ 

— <*- 

■t>o 

£> 

xi(- 

:c<n 

t:- 

i:;c 

m 

r.ia 

ri 

o 
n     r: 

2      3 


CO 


I/) -a 
«  II 


a 

UJ 

o 

LU 

UJ 

1-4 

Qf3C 

M 

o 

tU  1 

t- 

UJ 

►-UJ 

Z 

<I 

■XL 

Of -J 

3 

—J 

OQ. 

V 

J 

•  o 

U-Q. 

UJ 

t/iUJ 

<t 

1/1 

««. 

z 

(J 

Ot- 

-*UJ 

o 

• 

o 

i-i 

is  1- 

•  z 

rsj 

CD 

o 

a 

lO 

lOI-l 

•  «t 

^ 

•  UJ 

• 

UJ 

u. 

i/ia 

an 

3 

i-s: 

^ 

3: 

—  (/I 

uJ  II 

J  II 

X  II 

1—  II 

l-ll 

M 

•  II 

_i 

o 

►- 

o 

ID 

• 

_J 

*^ 

-1 

** 

z. 

z 

_l 

^^ 

•UJ 

t— 1 

l/li 

•  X 

ZC/1 

(r3 

<3  II 

i/i  II 

j:uj 

dl 

1-1 
OQ. 

»-IUJ 


Zm  i-ix<i  o  «i  *a«iz 

ujo  :ei-io  h  z  t.3>->-< 

•-•111  Ol-W  z  «  W<_J 

OQ.  TTI-HO:'  O  O  0303 


CK  «I  3 

«  U.  _) 


osorora:'  -j-iooooo 

<i«a«a<i  _i«ioo^(j>o 

oooo  ujuj<3'^ci<a<i 

>_iM>-ii-<i/i(/nzzooooo 


•  UJ  11  i/i  z  o 

0-9  Qri<i<iz)'aOa'i-i 

Q-O  I-OIIII'SITOOO 

t^o  <«a<x<3<x«iujujuj 


CO 
00 


mrnmmmrnmmmnrnfTirnrTirnmrTifTirnrTimmrTirTimm  ot/j 

T3X'D'D"DOf-ooa:a:i»;c-4-izr-r-r-oa>J>zt/i;D  oT3 

r~rnE»r>r>cDOt-«*>^rn'""^rn^-<i>t>t>t-(mr"0-<"^o  o"D 


^^zzr-zr-2rni-"o  xn  rnmrni/incDc:  i-i_4            i/k/i 

Tii-iT-ip-<>-«oi-iT3<;r-i-H  i>-n  «i<<;-ot>i-i3  oc            "do 

ritcccn^n— (zt/)                     j>  i>(—  ooo;Drni>z  — <o             om 

xi-r-r-Tii-JaC-i  w  &i>t>(/)-<cr>  i>t-i            i-iz 

j>t>i>E>oo                  !"<  J>  c:c:ce>i»r--«  -n           nn 

-t-i-ir-/0                   i>r-  -i  i-f-r-                  i-i-ij»  ot/ii-i 

i>i>t»t-»£»                   -ii>  &  hHt_(h-(                  j»(/)  r"-n 

c                                              E-  I/)            V)            I/)  l-i  rril-l 

»  TJO 


tl   h-i 

II  c 

It  HI 

11  cr 

II  m 

II  o 

II 

II  -1 

II  Tl 

TJ-I 

LOO 

T)-l 

O-l 

ujm 

i;D 

z 

LOLO 

m 

t>« 

TtCD 

&• 

CD-I 

3Z 

o;d 

m 

x» 

XI 

2  — 

OXI 

z  — 

r— • 

fcm 

e« 

f- 

o 

t-< 

o» 

n 

o— 

f— 

z  — 

i/i 

73 

OO 

—t^ 

OO 

7^ 

r- 

— i 

• 

-H 

I— • 

1 

f—» 

OO 

i>o 

C/l 

rr-, 

x. 

m 

t~* 

CD 

l-H* 

-1 

o 

-Dm 

r-> 

rn 

f— 

7* 

-< 

CDO 

j>r- 

roo 

E>0 

c 

O 

r— 

i-z 

zr 

nz 

-no 

m 

mo 

rn 

c 

Mn 

c 

z 

m 

(-Z 

rn 

ot. 

m 

o 

m 

c 

a' 

03 

1-3 

a 

r- 

r- 

m 

(- 

PI 

mo 

rr 

c 

1- 

CD 

c 

o 

o 

o 

MO 

II  o 

II  o 

OC 

c 

CDC 

:cio 

o 

CO 

^-.         —         —         —         o         —         &3:T)-.;oxr-r-...-«_i--.o-< 

-<t>3J>ZTI-l»  I><-1— lOO 

MO 

or- 
T}m 
m« 
o 

OO     -(^^     OO      :Tr—         — i«— I  CD  orri 

I— •       T         r-»       OO  i>o  t/i  o     m  -r  t> 

■XD  -i      O-t 


lie 

II  O 

II 

lo 

m 

m 

!(- 

to 

f— 

»-4« 

— * 

E> 

— * 

;^ 

M 

mm 

o 

l-( 

(/)X 

-» 

y 

-i 

• 

o 

mx 

1 

30 

c/l 

>- 

M 

</) 

oc 

C3 

_ll- 

M 

m 

M 

K 

m 

X. 

U. 

<oo 

o 

u 

z 

t/) 

««I 

•z 

«k 

UJ 

ZLU 

Xl-l 

• 

£ 

• 

►-((/) 

ll-t- 

z 

II 

jE  II 

-1  II 

U.  II 

« 

«I 

o 

o 

-1 

1 

X 

£ 

I 

** 

Z  II       UJ  II 


V) 

1 

rsj 

M 

IMOt 

UJ 

ISI 

»— 

K 

t-o 

tn 

UJ 

UJ 

• 

• 

V) 

z 

►- 

-t 

-J 

_ll-l 

»-l 

z 

z 

a 

>- 

HH 

o 

_l 

3, 

^ 

oz 

or 

UJ 

UJ 

z 

V) 

UJ 

ac 

-> 

Z> 

X 

X 

X 

UJ 

UJ 

Ul 

o 

3 

z 

UJ 

I 

u 

o 

o<j 

f- 

a: 

a: 

Of 

a 

I/O 

• 

o 

in 

</> 

^ 

V)Z 

V) 

o 

o 

<J 

o 

to 

o 

o 

</) 

o 

»-l 

o 

0^ 

or 

«« 

«« 

I/O 

— o 

0^ 

«^ 

«^ 

dRh 

o 

• 

zo 

«« 

^ik 

• 

• 

a: 

£KO 

uju 

• 

• 

• 

UJ 

»H 

z 

t»-< 

>- 

>- 

^ 

1- 

UJ 

UJO 

Zl-l 

^ 

^ 

^ 

z 

z 

u 

oz 

« 

< 

o 

t- 

o 

V2 

>- 

ujz 

o 

o 

o 

UJ 

II 

V>  II 

II 

Q!  II 

QC  II 

O  II 

•  II 

311 

Z  II 

UJ  II 

<  II 

UJ  II 

oil 

oil 

OH 

UJ  II 

»-* 

• 

O 

O 

X 

o 

Z 

UJ 

ct 

X 

X 

X 

I 

Q^ 

1 

u. 

o 

*- 

•* 

o 

■^ 

X 

w 

13 

u> 

O 

O  M 

4  Z 

CK  ID 

O  I 


3  _» 

a  w 

UJ  Z 

4  U 


Z         z 
z       z 


<<I<i<<I<di-i 
(/^ooa;Q^ck:a<iUJ 

ZZOQOQCDOOZ 
bJUJZZZOOO 

t-(-UJUJUJQ£Qia 

UJUJUJUJi^Ml-llH 

zzzzzzzz 


a 

v> 

4 

« 

V) 

3 

H< 

in 

_i 

M 

o 

_) 

(/I 

Ul 

3 

z 

HI 

l-l 

v> 

1-4 

4 

o 

z 

o 

o 

o 

M 

z 

t^ 

HI 

1- 

IM 

u. 

UJ 

HI 

z 

«/) 

V) 

a 

t^ 

> 

4 

>- 

Ht 

o 

o 

tf 

w 

< 

o 

t- 

o 

HI 

Ul 

Q^ 

w 

in 

z 

Of 

1-4 

-1 

u. 

M 

_t 

z 

_l 

4 

UJ 

z 

HI 

o 

z 

(J) 

I-H 

UJ 

UJ 

HI 

o 

UJ 

or 

4 

X 

•X 

d 

3 

-1 

a 

o 

O 

z 

z 

o 

*- 

O 

3 

I 

O 

4 

_i 

•H 

4 

HI 

HI 

HI 

3 

a; 

a 

O 

o 

o 

4 

m 

-1 

_J 

-1 

z 

Z 

H 

1/1 

</) 

in 

M 

M 

H4 

in 

_l 

-i 

-1 

HI 

HI 

HI 

HI 

-1 

t1 

O 

o 

Ht 

s 

s 

4 

z 

3 

o 

o 

o 

I 

(/) 

en 

ar 

Of 

3 

3 

Ul 

UJ 

a 

0. 

in 

in 

o 

O 

o 

o 

a^ 

Of 

a 

a: 

o 

o 

u 

C3 

in 

in 

in 

in 

in 

in 

1/) 

(/I 

m 

in 

M 

M 

HI 

HI 

M 

HI 

HI 

M 

HI 

HI 

q; 

I^ 

or 

CkT 

Q^ 

Of 

Of 

tt 

Of 

Of 

UJ 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

K 

t- 

K 

»- 

»- 

m 

in 

in 

in 

(/I 

m 

«) 

in 

<n 

(n 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CK 

on 

q: 

0!. 

Of 

Q^ 

QC 

Of 

OL 

0^ 

u 

o 

o 

O 

o 

O 

O 

o 

O 

o 

in  CM  w       pj  eg  J- 

JJ  z  o  o  o  o  o 

2  5«-<UJUJI0f3«IOK4Qf_JHI4HIHIHl3«af0f 

°  3>tn4ocjaoooooo4(a_j_)_jzzt-oo 

^  UJUJUJUJUJ»HMHtHIHIHIHIHIHIHIMHIHIHI»^HIH*H4 


o 

I 

Of 

»!■ 

o 

O 

o 


Ol/) 


1 

2 

2 

:z 

:i 

2 

o 

c- 

C 

C 

c 

m 

•-n 

X" 

l- 

r- 

f- 

(- 

-( 

-H 

o 

c 

c 

C 

c 

& 

& 

I/) 

(/) 

I/) 

CO 

(/) 

z 

X 

m 

X 

rr. 

-4 

rn 
t-l 

Ol—         ;ci>t"r->i-iCirTiczJ:c:f~rricr-E>/0;Dc—  >-i  —i 

or-i-ii/)^^o-ii:ZT3-)OZi/i>-i/orni'ni/)  r-  o  on/i 

c.L03c:czt)xini-i(7ii~-(/0-HM<;oi:c;i-i  o  ^  "do 

ni-nr-c  i>"Dc/)t-t^x— <a3— t^oz;^"no  &  z  orr- 

;cr-iooo  -ix  i-i3cccCh-ioi>i-tr-i-i  -i  1-12 

i-i;o»-i  d         -<  J>t/)(/)Zi/Ot-ii-r-  00  I  m— 1 

t>o  con  z  a  i>t-t;om  £»  co»--[ 

mm  i~zc  i/ic^co  -r 

CO  c  1-1  I/)  CO  m*- 

(/)  O  TJC 

M  l-H 

m  Xja 

CO  m3|; 


•         om;occrx)o>-"C<n 

II  lie:      II  z      II  &      II  ;d      II  ?t      II  m     11  •       n  z      11 -<      11  ;c      11  m     11  c-      11  xi      11 -o      11  c 

o  iM  i<n         -I        -<     r-co         CO         mo         -oo         -<         m 

i:  CI-         1  mx         o         z     o         cr-         •  m 

i>i>  CO*  •  ac  •  m     2         73»  z 

XI*  ;^  i-i  2        "o  m        m 


-n  uio 

"xi  r"  X} 

"D                3m     oo                    m  o  xm 

2  r  om 

o                               omi                               m                              :^                       XX3                z-i     ?;•                     -1  m  zz 

7r                             z                   -<        n                             ■<                            m-T»                           ;^x     m                      x  X)  An 

A                               A                    "n         z                               "n                              -<         o                                          m»       -c                       •  m 


11  c- 

II  X) 

00 

com 

-01- 

Tim 

H-4« 

mz 

3 

s:m 

com 

m** 

0>f 

Tl 

z 

X) 

IX 

3-< 

3m 

OO 

oz 

ZCD 

Z-I 

?;• 

•H  ^  2 


LU      O 


-I     o 


z 

UJ 

UJ 

X 

z 

o 

4 

-J 

en  II       O  II       (£11 


t-  X 

(/I  o 

2  II  M  II 

O  X 


•  UJ 

Z 

z 

•i-i 

a 

0:1. 

• 

l-_l 

UJ 

UJ 

^u. 

UJ 

UJtO 

X 

►-  II 

UJ  II 

UJ  II 

O  11 

0.  II 

a.  II 

<t  II 

Z) 

a: 

ac 

o 

i-i 

i-H 

IX 

2 

o 

o 

X 

a. 

a. 

13 

a  II 
o 


< 

lU 

2 

Z 

0 

i-r 

UJ 

UJ 

II 

Z  II 

UJ  II 

Ul  II 

• 

UJ 

a: 

a: 

-1 

OD 

0 

0 

o 

I-I  or  (- 

M  O  O 

IS  _J  z 

Z  O  I-I 

I-I  O  X 

-I  t-l  l/l 

w  a;  <i 


-1 

0' 

-J 

>- 

0 

-1 

ar 

X 

_l 

tH 

0 

•I 

0. 

u. 

<3 

-J 

lA 

0 

1^ 

»H 

0 

0 

or 

» 

t- 

0 

> 

0 

Of 

oc 

1/5 

n' 

< 

< 

1-4 

X 

a. 

> 

a 

z 

t/1  (/>  W  I-I  I-I 


w 

lA 

10 

1/1 

_J 

_l 

-J 

1 

<x 

< 

< 

< 

< 

4 

4 

4 

z 

z 

z 

M 

M 

0 

0 

Ul 

UJ 

UJ 

3 

3 

3 

3 

I-I 

I-I 

1-4 

_J 

_l 

-J 

_J 

_J 

_J 

_l 

-1 

_( 

IH 

1-4 

1-4 

» 

> 

0 

0 

0 

0 

0 

^ 

-i 

-1 

-J 

CO 

CD 

00 

-1 

-1 

_l 

_l 

_J 

_l 

-1 

-1 

_i 

q; 

Qi 

ct: 

4 

4 

3 

3 

a: 

Q^ 

Of 

3 

3 

3 

3 

< 

< 

< 

OJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

UJ 

I 

X 

X 

0 

a 

_l 

-1 

4 

4 

4 

X 

X 

X 

X 

a: 

I-I 

1- 
1-1 

l-l 

1-4 

1^ 

t- 

1- 
t-4 

UJ 

0 

Ul 

0 

UJ 

0 

-J 
0 

-1 
0 

-1 
0 

-J 
0 

z 
0 

Z 
0 

Z 
0 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

PJ 

X 

X 

z 

X 

X 

X 

X 

X 

X 
rj 

X 

U 

►- 

CD 

-1 

« 

4 

3 

Of 

1-t 

M 

Of 

«I 

< 

•I 

>- 

Ul 

(£ 

< 

I-I 

> 

UJ 

t~ 

H- 

or 

I 

4 

4 

0 

4 

-( 

UJ 

4 

4-4 

Ul 

M 

z 

X 
M 

z 

M 

t- 

1-4 

CD 
I-I 

0 

1-^ 

0 

M 

0 

IH 

a! 

I-H 

1-4 

1-4 

1- 

UJ 

0 

-1 
0 

X 
0 

0 

a 
0 

-1 
0 

0 

Z 
0 

o 
0 

z 
0 

^ 

X 

z 

X 

z 

X 

z 

z 

z 

X 

X 

X 

z 

X 

X 

X 

z 

X 

X 

X 

X 

X 

z 

X 

X 

X 

2 

3 

O 

O 

O 

t> 

X 

70 

OOOOOOOOOOOOOOOOOOOOOOOOO  Ol/I 

T5-Dr-I-noOOOI>ZCI2:c/lT)Z2C2<;l/5000  OT) 

-  -  --_  l2-<O-0CCO2mi-lIOOO  o"D 

—4  r-  (/I  o         o  m« 

3i3:i333:3:iX3i3i 

OOCOCOOOOOOCCO 
Z2222Z22222222 


;c         ;o         m 
o        o        -o 

T  -D  HI 


mmt.i-iooi-"i-ioxx)  2-<  TJcc  c:  i->inan 

;o;D^zi2"no,cE'm  htj  t>(/)-i  n  i—        mooo  w 

-n''l<rnrri-4-nio^2  "no  -ii-i-i  -n  r-r-,«-^3,^3  "i 

(jO(-iE»r~J>co>-*»-«^-*  r^o  xr~i>  r~  <^         ~*         f»          s>         ^  ii 

f-r--n*r-ZL0-i-n(/)O  o>->  c:t-|-  o  coo-i-i-t  om 

»-(i-tot-*t-ti>t>ootoo  73-4  r~t>r"  ;^  i>zt-tt-(t-i  mz 

— i-Hn  t>>-H(-ir»  uo— ii>  c/itocot/ 

£>I>X>  t>  >2  t-4t-tH-t 

t>  3         I         2  rf 

j>         r»         &  t: 

-4  3: 

mS 
-trt) 


II  t>        MX)       no  II  T        II  E-        II  f-        112       II  XI       112        II  X)  112 

-<         ;^J     2X  3:^)  -<         i-H     0-4  ^         -4         m  tj-h 

•      ccr  OE»  Lo     ox  •          X        m  j>i 

-4r-  20  tn      -c  20» 

—4—4  o*  •      o  m  i-i 

om  r*  -4  —  -n 

f— (/I  mm  (_i 

f-—  T3  CO  O 

•-I  1  -4 

_                                 ^-_-                                                                        !IOW  1-1  '3 

i-<m                I-I            2—4            '^CDo-4m                   m                               o:^  t'  c_  o 

c  22  i>  m     t-i  ni-i         s:     c  2m  ^ 

o        3         om                2                    t>             7^     22         •       o                                                               om  _  _ 

o         >-i                   f-                                  •      ot/i                m                                                               1-2  z  XI 

2        i>  m  (-(-..  mm 


XI 

o 

3 

o 

11  r> 

II  o 

II  O 

no 

-< 

32 

r-o 

|-c 

i-i2 

i-i» 

►-IO 

2  — 

-H** 

zr- 

m 

—4 

m« 

XII 

i-o 

(— *- 

f/^O 

m-n 

m 

O 


2 

2 

ir 

f- 

X 

1- 

r* 

r- 

(- 

II  C 

It  i> 

II  m 

II  m 

11 

II 

II 

II 

—4 

0-4 

-4 

oo 

2 

l-H 

4-1 

■D 

l-l 

—4 

y  -4 

t/l 

Xm 

O 

y 

7 

l-i 

2 

• 

!>• 

• 

i>aa 

m 

o 

o 

2 

O 

*- 

X)  — 

*- 

3. 

X) 

l-l 

I-I 

m 

l-l 

m 

i-i^ 

(/) 

r> 

£> 

CO 

t> 

O 

T 

•n 

t/1 

» 

T' 

rr 

& 

2 

XI 

30 

e> 

c/ix: 

*- 

r- 

"0 

T3 

■0 

m 

O^ 

>c 

oo 

m 

i-i 

l-i 

m 

z» 

MOD 

X 

—4 

-0 

13 

z 

—4 

en 

CD 

o 

—4 

m 

m 

m 

I-t 

l-lt-l 

z 

C 

t> 

7<; 

X 

o 
-n 
-n 

22 

Ot/1 

2 

f--n 

mm 

—4X1 
-4-^ 

o 
m 

-I 
o 

2 

f 


ro         rj  o0 


i 


p 


CO 


£. 

oi: 

z 

<a 

lO 

o 

•»-« 

z. 

UJ 

ZQ! 

^m. 

z 

OUJ 

«UJ 

l-H 

ICO 

_!-> 

(>n 

t-( 

0<3 

3 

-»(/l 

3a 

»X 

•  II 

O  II 

U.  II 

_l     o 


O         •  •<! 

U.        1/1  ICO 

II      Ck:  II      X II 


—         _i        0. 


•z>- 
oa 


ri: 
zz 


Zi-1 


t-i         a         >- 


t/i         1-1 


(/)  t-H  t-t  l-l  HH  »-* 


1-1  a 

I/)  (/) 

o  o 

r  r 


1-1       t/1        t-i 


o 

1-1  Qi 

QC  CO 


^ 


hH  t-l  ►-t  O 

Z  Z  2  >-> 

-0  l-H 


Ol/) 


;J3        -t        -< 


I-        I-        r 


?^  t-H  »-H  H 


-(—It 


E»  »-<  -4  — * 


om 

MZ 


■DO 

>-« 

HZ 

m3 


II  ;c 

lie 

II  J> 

II  cr 

i-i 

CI 

I/) 

l/)0 

iA 

1- 

-H 

-t(- 

II  ?        II  s- 


II  I> 

II  - 

(n-< 

2- 

;o 

m« 

m 

2 

no      II  ;n 


o         -< 


-1 

I> 

• 

o 

II  ISI 

II  Tt; 

II 

11  XI 

zm 

om 

a 

m 

!>• 

r>;o 

o 

m 

(D     yo        "n 


;c         rr     rn 


in 


5tO 

Ol- 


XUJ  LL 


□;  h     t-  M 


on     »-*  It      on      L5  M 


II        t-  H        UJ  II        t_>  II 


zt- 


1-4  UJ 


l-UJ 
Zi-i 


1-1  H  I- 


O  t-*  1-4 

Qi  I-  I- 


ao 
1/1  <j 


bJ  t-t  H4  H  k-i 


o 

o 

o 

o 

o 

o 

o 

O 

10 

-0 

-D 

-D 

T3 

r 

2 

Z 

m 

m 

C 

«c 

I 

o 

o 

<: 

?o 

/O 

z 

c 

M 

o 

T3 

t-t 

X 

-* 

O 

O 

0(/) 
OT) 


o 
xx'D'OXZZzmmnrTirr.        mmnimmnimmftirnr'im 
ccrcxxooozzzzzzzzzzzzzzzzz 

-  ^Zi-ii-l'D-DaJOOOOOOOOOOOOO~~  ~~ 

o        o        :^        -1        -t 

»        ;o        -<        X        I 


o 

o 

o 

o 

n 

m 

rr. 

m 

z 

z 

z 

z 

o 

o 

o 

o 

-« 

«H 

-< 

-H 

I 

I 

I 

X 

m 

m 

rr 

m 

X)         ^        ^  r~  o  t-t         t> 

J>  h-l  »-*  f-  j>  o  2 

O  Z  ^  (.1  Z  HI* 


'n-*o<7>i-ie>  -<i-iz  a        o        -t 

Ot-*nii— I  fH                     — *  rnmt» 

I-        -n        i>        1-1  X  I/)        I/) 

1-1           o  E» 


-4? 

XI> 

mi 


l-H  1-1  o 


z 

^ 

z 

1-1 

II  c 

II  ♦ 

II  <n 

II  r- 

-H 

m 

XI  r- 

—1 

(y1 

(- 

Tl* 

i-(/i-i2ii:r-~3-.o-<z~3-«-.o 
•  o«  cor>i-ii»c*»o«         c"i»coi>o 

I       II  C-        II  -<        II  Z       II  •         II  2        II  •  II  C        II  II  -<       II  •  II  Z        H  30       II  •         II  Z 

1        t/1        t/)     "Do  ivi  o     xc^        —I  fvi        ;o  -* 


II  o 

II 

V)T3 

-IV 

!>• 

f 

1-1 

Zd 

Z 

oo« 

-I        M        m 


!^ 


-t 

_« 

(J 

UJ 

•  Q. 

(O 

OH 

I  II 

z 

«I 

• 

I-  II 


O  _J  —  — 


I-  II 

o 

o 


^11      i-H  II     a  11     UJ  II 


ZK 

OQ- 

WUJ 

l-HC/l 

l-UJ 
ZM 
UJO 
MUJ 

OQ. 


>-i  1-  X 


13  h-l  1-1 


2 

r 

X 

I 

X 

I 

X 

I 

I 

X 

X 

X 

UJ 

<I 

« 

d 

3 

3 

o 

o 

o 

o 

o 

o 

o 

o 

o 

U> 

M 

1-* 

i-H 

z 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

K 

H- 

h- 

<x 

•3 

< 

<I 

< 

«i 

a 

4 

< 

< 

« 

z 

Z 

Z 

o 

O 

m 

m 

a 

in 

CQ 

CO 

dQ 

CD 

D 

3 

3 

3 

»-H 

1^ 

o 

o 

o 

o 

o 

o 

o 

o 

o 

a.' 

a. 

a 

(i; 

Qi 

a^ 

X 

or 

^■^ 

or 

X 

or 

3i 

ir 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

O 

o 

•UJ 

1 

«j 

s: 

> 

o 

I 

o 

3 

m 

<a 

<t 

ty 

3 

M 

h_l 

z 

z 

I 

Q. 

Q^ 

IH 

I» 

o 

o 

u. 

o 

-J 

r 

a 

3 

3 

ilO 

a. 

Q. 

a 

« 

or 

ly 

a: 

q; 

Qi 

a: 

Of 

ar 

Q^ 

c^ 

o 

O 

o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

O 

o 

^ 


o 

o 

o 

to 

to 

I/) 

-D 

o 

2 

c 

o 

C 

o 

o 

o 

o 

o 

o 

^ 

;c 

;o 

/C 

X) 

;d 

-1 

-0 

n 

f- 

1-* 

I 

m 

c 

c 

i> 

3 

t-t 

ou 


r-         i/i         M 


-I         TD         r- 


A>  t-H  »-t 


1-1  "□  z 


II  c- 

II  ;c 

II  -i 

00-1 

;c 

OO-I 

3:-i 

• 

T3» 

m» 

« 

m  — 

mm 

-1 

ox 

E»— 1 

i-i 

zo 

i-i— 1 

HXI 

z» 

i/)Tt 

<n 

m« 

en 
U, 

i<r> 
m 

-4 
70 

a 
a 

II  z      II  ;o 


II  z 

C-  —I 

I» 

r 
z 


§ 


Ul  oo 


rsl—  —  —  >-OI_lO-^-» 


•  11        •  II      «i  M      «i  II  II      I—  II      I—  II      a.  II 

<i_ia-a.  •3:3>-i 


<S  »-l 


1-H  CJ 


MUJ 


Zm 
UJO 


a        a        Q.        0-        a 

O  O  O  3  O 


O-O 
0.0 


o 


-(        — 1        iH        m 


0(/) 


Z  1-1  l-l 


i-<  1-1  1-1  1-1  ;C 


&  1-1  1-1 


71—1—4 


<--<-( 


-(  z 

f         -I 


t»         l-l         1-1 


o  >-i  >-i 


l-l  M  h-l  &  M 


om 
■n 

M 

xx> 


II  Z        II  I 
O-l      o- 


II  ^      II » 


o        —        —        — 


►in  c^ 


<n 
X 

II  rn 
om 

I>2 


in 


•o 

O 

•LlJ 

i^n 

< 

VQ. 

oa: 

LrJ 

O 

(DOC 

I 

OQ. 

I«l 

►— 

XO 

1 

Z 

1— 

xz 

«I 

Xlu 

UJ< 

X 

UJ_I 

l-t 

a 

^ 

•  D 

UJ 

• 

•o 

xz 

•  J 

X 

_l»-l 

h-k-t 

fSIUJ 

*- 

{j)Ln 

Z  II 

I-  II 

Z  II 

Oil 

UJ 

uJ 

LU 

o 

CD 

a 

OQ 

a 

I-  •  q;cd  U.  UJ  UJ  3  >-i  .  2 

'_>»—  LjU-U_  »—  t—  X  _JO  u 

CI  >—  ^U-  *-*  ^—  >~  **■  <l  Qlu  Q 

UJO  l-l  UJ  <!►->  —1  Z             3  13  U.  'l/)  ^> 

00  I  a;  ^  cD_i  o  i         od  u  «  _i  z  i-i>i  u 

oo  m  -a  o  et  UJ  J«i  o  _iuj  < 

oro  or  —  •!/)  n  —  —  _<  z_i  t  _i  u 

J_  «  Oi  UJ«a  k-LL  •  to  UJ_l  UJ  -"^    I 

ujuj  •  u.  Q:  a  «a  uJ  X         u^  oo  _j  uj  ♦—  uja  u 

ox  u-  oa;  ujx  UJ  _j  1/1        _(  UJ  — q;  i/i  qc  u 

•  O  _l  t-l  OUJ  UJ  UJ  Q:r             UJ  l-l  •C2  -Z  •<!  UJ                                  t- 

I— UJ  UJ  —I  i-i-i  •(!;  •          •         z  UJ         z  •x  irx  xuj  — jx  z           •          •»- 

*- X  o  ^o  on  oa  v         ►-  >—  _ic/i  orz)  oa  oc/i  uj         ►-         tji/ 

t-H  II  Z  11         Z  II  •  II  It  OH        ►-  II           •  II        »-  II           •  II        OH  O  M  »—  II  O  II  UJ  II        »—  II        Q  1 


a         —         — 


o  •-) 

o        u~i 


H(0 

a 

-UJ 

O 

Zii 

-J 

iJO 

iL. 

^lu 

k^ 

ja. 

(/: 

nv 

z 

1-1        -H        1-1        r> 


en 


M  O  H 

-H  E>  t* 

m  o  z 

o  -(  -1 


T3 

•D 

■D 

-0 

m 

n 

m 

m 

o 

o 

o 

o 

c_ 

o 

t-i 

I 

r-  t-t  m 


t/)        t-l         l-t 


c 

• 

c 

II  :c 

II 

II  XI 

01 

m 

-nc/i 

X 

• 

cr  X 

II  c: 

II  m 

II  m 

l/)(D 

o 

am 

or- 

7i 

t>z 

E»» 

^ 

<rn 

m»~Ti-nTTio-ox)        —        —        oo        —        OTJOoj^o 

ZTimc*  crorr-<c/)-<oo^;DrTixiom73 

II  CI     II  (-1      II T'      II  :c      II  1173      II  cr      II  2r      no      ii  c      ii.        iic      ii  c:      ii  m      ii  m      ii  z      ii  &      ii  c-      no      ii  m 

o-<     -<(r>         t;     i/im 
cz         mr-  zz 

I/)        r-»  on 


TJZ 

ma 
zr- 


Cii/t 

m« 


-t2r-cc:cei/)(/)C7^;ooomi-i-i 
>-i-Hr~i/)t/)(/)i/)OOtn>-i-<(~'0f~z-< 

OCC  ZZ  i-iCI>X(-»-Hi-i 

cr*i/)  K-ii-i  00  *-ii-ioo£> 


-1 

00  01 

m 

TJO 

z 

I'lhH 

c 

om 

t> 

i-iZ 

—4 

m-( 

c 

01  w 

ol 

-n 

mM 

-DO 

M 

-HZ 

I& 

mjs 

-im 

CO 


CLQ 
CLO 
WO 


r 

• 

^ 

UJUJ 

a 

'aJ 

zt- 

^ 

u. 

LlJl/1 

o 

JJZ 

j; 

CIL 

auj 

o 

UJ 

ou. 

<c. 

-^ 

Q 

—  X 

• 

o: 

Ito 

_j 

h-( 

i/nz> 

i_j 

•  •a 

acD 

z 

5^0 

U  M 

t-t  It 

0   II 

•  <3 

— 1»— 

tnc/1 

ot/i 

a  II 

^  II 

CI>— 

z 

Q.  I/) 

LlJ 

oz 

Q. 

UJ 

XQ. 

LO 

uJ 

00 

H 

OZ 

•C_) 

0^ 

t-_I 

_l^ 

n      •M     —        a  M  n     oz        >>-_i_i        —        tui-  ^zi-juj        _io 

«3        LU  Llj  3d  Z  _>  'liJ  '^^        2  Z  OQ; 

>-u     o         z         o         ujiv         vi:     ^-1—     ijj         UJ         z)ij? 

I        *a  II        »—  II        ♦—  II         _J  It        <a  II         «a  II        UJ  It  II        UJ  II         UJ  II        C3  II        on        r-  II         JJ  II        UJ  tl        O  II 

o^a-(i:30uja:a:a;  »)^c^OLiDZ>aa^o 


Tin 
■SI 
^t- 

t-H 

oo. 

t-tuj  [/>  on         (/I  on 

•Ht/i  t/i33i-ti-ii/it/)i-  i-HD'-ir!  oi 

t-UJoon(/):^Q^  oot/izoi  i>n^-  »-iXf>ot/in 

Zm  ooouuuj  _i_iDuj>-i(/i  za^-iont-rj^i'i 

liJO  i-loOZZ(^33t/)_l_l>-l«-ll/)(/500  UJ-J>-iuj;^ZZO 

l-tLU  l-l-ll-IC!ir)ul0001-il-l_|l-l33Z)cni-lO_ll-i«I<TcIfV 

oa  i-it-i-Q^o-cnzzcncJOt-ioi—         ►->-oxui_ii^Q-'->-o 

tO(/1  Z)Z)3*-'t-H<i<r<lO<i«^3'ZUJUJLi.tx7"Z<aZC5Z7'i: 

QfQ;Q;<a<3_j_j_l_jQ  a;u*-i<a<i<i<iujt-^>-^**^OOu- 

U_u_U.00O00LDC30I^-J-J— J—l— 1— '— '^IXi-Zi^ 
UJ 


01 


-0 

m 

■0 

rn 

■0 

-D 

m 

m 

rn        fi        (Ti        rn        m        m  ot/) 

;c;d;;o;c"OTJ"DT3T3"D'D'DTD"dooozzz  ot3 

oi-<i-"j»i»cui;«;^;^;D;ommc><:*;^Hii-it-i  otj 

o  -t        -n        CD  T)        2  m» 


:^        t-H        t-t        (-( 


^o<ncii-i-ioo'-i(/)i/)-D</)Ccccr-  m  i>ci/)(/)lo  i-hz 

MM'-'  ooi/)Oi/)  r>v)'-'  u) 


m 


DO 

-HZ 

ma 
-tm 


TP  z 

o        >-« 


M  O 


I  c 


o 

It  z      M»  II  II  M  t-H      II  CI  II  m      II  (T  II  t>  II  II—*      no      lie  tio      ii  •       ii  iri      ii  c  no     ii  z      tii—      ii  c~  iim      ii  i-      urn     u  c      ii  c: 

t/io  :cz  ^z  OT3     Tjm  o     ^c^  x)-<  3Z  —I        OD     T)(D  o                   z     f— o  ^         z         (yi     mo  m     om 
oi- 
o» 

r-  0300  cDi/i  "n—     o  i  — i  x)c/i  o  —        i—r-— i  i-c(~  o 

t/i  m»  m»  mm  o     t*m  i>  o»  T^m  co        f—     r-m  m  o 


II 

II 

II  l-H 

II  o 

xiz 

^Z 

oxi 

Tjm 

-<m 

-<m 

r-m 

f"r" 

or- 

Of- 

MX) 

i> 

03  00 

CDl/l 

-n— 

o 

II  £> 

II 

XI -< 

IZ 

t» 

t>m 

-1 

-If- 

— 1 

yaiA 

E* 

O' 

•^ 

o 

-" 

m 

"0 

7 

m 

to 

z 

o        <r>        TIO  o 

mr     TJ  2 

"O         -o         z«       m  o 

mm(/)z« __  __ 

z        z        -I        i/i  o     00        z  T30        •  b        z     mo 


o 

X 

II  <r 

MO 

■DO 

O 

:xw~ 

^ 

1— 1* 

• 

O 

— 

T^m 

i-k: 

o 

m 

Tl 

r>(- 

o 

-nt-( 

2 

2 

D 

T30 

• 

mi- 

z« 

t/l 

lO 

in 


o 

o 

LJ 

r 

•  z: 

y~ 

UJ 

_JUJ 

(/) 

»- 

ot- 

Z 

in 

Zl/1 

UJ 

z 

t-lZ 

a 

a<i 

03  CJ 
O  I 

<UJ 

rc/i 

_i 
to  <i 

ZV)  UJ  Z  2<I       ></!  Z  <l 

»-<z        a  UJ  t-     t-4»-     az  UJ        a 

_iuj  Q.  4     -jz        UJ  a.        <3 

-~        xa 

X  O  oJ  I-"      XU      Uj  X  UJO      —  i  Oi-I      X  q: 

11  _  o  >-t 

a.        UJ 

U-  z  — 

•»-»     i<a     >o     cj<i     i/)Q^     c/i  •a     —I         ^-_> 

CD  3        OU-        <(D  >-t-'-AjC/)  OCLL3  fl^Ol 

Oil        Zll        OH        ^11        ^11       J\\       Z  II       (->ll       <I  II 

>-UJOXXaJ  •O 


tO(/) 

-i 

< 

UJ«X 

-t 

•  >- 

►-IO 

UJ 

_IO 

rsio 

z 

oa 

Zll 

Z.  II 

:d  II 

^ 

UJ 

_(Z 

muj 

(/I 

a 

OI-I 

D>- 

z 

2<I 

></0 

UJ 

1- 

*-l^- 

a:z 

CL 

<a 

_J2 

UJ 

1- 

=> 

XQ. 

oJ 

i-t 

xo 

Uj 

*-H 

^ 

ujz: 

Z 

r 

o 

Ul 

_IUJ 

-J 

• 

•  i-i 

•  u 

-JUI 

•o 

_l 

O-l 

_i— J 

intx. 

5^1- 

ca 

01^ 

om 

ZU 

Oll 

^  II 

^  11 

J  II 

Z  II 

o 

o 

3 

o 

UJ 

o 

_IUJ 

< 

lUJ 

CD 

t/l 

X 

UJO 

-« 

i: 

Ol-I 

X 

Li: 

UJ 

o 

UJ 

2Z 

•«a 

z 

1-la 

UJ 

UJ 

I-I 

o 

.00 

•3. 

<ia 

~<j 

• 

q:>-i 

•1— 

i 

-I 

(D_l 

-^_J 

r 

•  Q. 

Z 

<x 

• 

Zl- 

u. 

•I-I 

K 

>o 

cj-a 

i/)a 

C/1 

•  q: 

_l 

l-_) 

mi 

OU. 

<(D 

> 

t-'-ii 

(/) 

on. 

o 

(i;cD 

«« 

O  M 

1-1  II 

q:  II 

•  II 

<i  II 

•-•  II 

II 

r)  II 

UJII 

• 

> 

UJ 

o 

X 

2 

oJ 

• 

o 

<l 

-I 

ZUJ 
Zl- 


UJO 

3 

MUJ 

to 

UQ. 

or 

l/ll/l 

o 

z        :r        z 


_  M  l-l  M  < 

zzzzzzoodci-i 

OOOOOOi-ii-<i-i>-"Qr 


Q.Q  ujujaQ.:33oa:<iuji-i«xxi-<i-> 

Q-O  t/i</ii/)c/i(/)coi->-»>>iixa: 

(/)0  UJUJUJUJUJUJUJUJUJUJUJUJUJUJUJ 


0) 


001 

OTJ 

o-o 


0  UO  l/l 
"D          HH          t-i 

1  -I  -I 


-I  -<  1/1 


1-1  hH  X 


CD 


O 


O  i-l 

r-         i 

o        » 


O  -I  -I  1-1 


m>-i 

-HZ 

rn-£ 


-o        —        — 


o  —  — 


II  z 

II 

II  T) 

110 

l-iO 

n 

CU) 

i:;d 

□  m 

J>X 

t;d 

c_         -n         -«         — 
c         r> 

H  t/>  I!  I" 

!•  • 


II  X>       II  c> 


m 
(-0 

<2 

mo 


1-1  o 


lO 


-*ljj  <i  X  ^  C/l 

XQ^  •  uj  a        in 

tni  lO  C3              •  ^  UJ           z 

ai—  2  t-  □        uj        >-        otD    >-a:     -at/i    t-        uu        uj  a.     z        ara      'O     i—t-     >a     or       t-i/i     i— t/i     uj        vo 

^11  •  II  oil          II       •  II  z  II      lull      <3  II      =}  II     4  11     or  II          II      UJ  II      UJ  II          II          M     q:  II      :>  II     )— ii      on      lu  ii     zn      z  ii      x  ii      on 
O-Xii:          •<iujaa;OQ:o         •an:          •         •oosaiiuujjio 

—  —  oT  —  ioooo        —        ->oo_i<i>-ozoi(rcD        — 


ro- 

•a 

UJ 

I 

I 

o 

UJU 

Q. 

>-i 

_|Z 

<t  X 

HH 

(/) 

fxa. 

XX 

Z 

o 

UJU 

O 

>- 

z 

1— 

~i^ 

•  «a 

t- 

•  _i 

_>ct 

•a 

XH 

OtD 

J-cr 

•a(/i 

rj  II 

■a  II 

q:  II 

O 

q: 

o 

cl_j 

X 

X 

u. 

2 

o 

Q.:^ 

a 

a. 

3 

O 

^ 

oz 

1— 

O 

t-t 

t-H 

1— 

o 

CJ 

XI 

q; 

UJ 

u_ 

tc 

<I 

UJ"-! 

uJ 

1- 

q: 

Uj 

a: 

m 

u. 

o 

>- 

•Q^ 

•  UJ 

UJ 

•  o 

3t 

(K 

xa 

ara 

•o 

1— 1— 

>a 

or 

i-i/) 

o:  II 

:>  II 

t—  II 

•a  II 

lU  II 

Z  11 

o 

o 

3 

a 

I 

UJ 

ruj 
<x 

21- 

t-i  «I 

MUJ                                                                •                                           <t                                                  <I  <I 

iL                                                             t                           r  I—  o        <t 

we/)                                                                                                    Ml/lfcH                                              «!(/)  (/1Z(/1(/)  l-" 

l-UJ  00                                                                        l/lK-«                           OOt-H                           t^t-i  <JZOOO«J                                                        •-* 

2m  t-H                                                                  CO_J«ai/)l-"<Iuj— l<I  ►-UJT^I—           I—          t-HOcIcIl/) 

UJO  ft'                                                                               t-l<ICiri-*2UJ5'«3l—  <OOt-HI-HQ^t/^t/^t-0*a 

MUJ  «i«i<<i<i»-a'ui(/)<io<3i:=i  iiirv'Q'Q.Q'ri-)'3r3_i 

oa.  iuujujujuj30ooi-i-Hft'Ci^f>  _jr5i—        (/it/i3b         u-u-O 

(/)</i  2>-t-»->-zioirt-iyi-Ujn  z3!/i(/)ijjuj_iu-U.U-p 

•-ii3Z)i33i-iUjQ;«i<iujujx'-'  oo^-a-aoi-ii-i'-'-' 


X 

I 

I 

X 

X 

X 

I 

a 

Q. 

a 

Q. 

a 

Q. 

Q. 

•UJ 

o 

a 

(/I 

Q.O 

1— t 

3 

o 

3 

3 

►H 

UJ 

Q.O 

-/ 

-I 

_i 

_i 

-1 

r 

z 

MO 

I 

X 

X 

I 

I 

X 

X 

Q. 

0. 

a. 

a. 

Q. 

a 

Q- 

O  w  H^  n  O 

0        0        0°° 

X  X  I  X  X 


CJl 
00 


rn        ("H        M 


■0 

■0 

■0 

T) 

T3 

■D 

■D 

I 

I 

I 

X 

I 

I 

I 

t- 

i- 

^ 

7^ 

l-H 

X 

I 

o 

m 

7i 

m 

o 
ro 

o 
o 

o 

TJ 

■D 

•0 

-D 

■D 

-D 

■D 

X 

I 

I 

X 

I 

I 

X 

r- 

r- 

1- 

r- 

r 

r- 

f- 

Ol/) 


t-(  »-t  O 


m 

m 

1/1 

/C 

i~t 

(— ( 

o 

1-* 

;o 

/O 

►-I 

u 

e> 

i> 

o 

(-1 

Z 

z 

x> 

to 

— « 

•H 

I 

I 

o 

o 

1-1  1-1  -O  T) 


a    s 


O  O  O  t-H  l-H  t-l 

r"         f-         r-         Ti 

l-l  HI  l-l  O 


z 

J> 

i/)t/i 

o 

o 

-on 

f'l 

»H 

rniH 

TO 

r- 

om 

00 

t-1 

WZ 

o 

(/) 

m-i 

Z 

COM 

»-* 

T 

M 

•HZ 

II    I>  II    -I  11-4 


c 

m 

c: 

II  ^ 

II  o 

II  XI 

01 

^ 

cooo 

□ 

IX 

■D  Z  O  CD  CD 

m       c        ^       ;^3        ;d 

no         II  -H         II   »>         II  (-1         111-1 


Ml- 

oto 


II  o 
XI 

o* 


in 


• 

•  T 

D 

5£0 

n 

oo 

^  M 

O  II 

0 

X 

Z1 

O 

on 

Ol-I 

-J 

z 

z 

Xii 

u. 

X 

Q^ 

«iq; 

2 

o 

UJ 

ilw 

a: 

-J 

Li. 

u. 

<-> 

o 

'^K^ 

o 

« 

^« 

-I 

•_> 

•a 

1— 

a: 

o 

U.«l 

ICJ 

I/) 

UJ 

:^o 

3LJ 

OCl. 

z 

a. 

z  II 

<1  II 

l/l  II 

X  II 

Mil 

l-H 

iC 

l-l 

o 

a 

•  Qi 

•  q; 

t-O 

l-O 

lyOO 

• 

1/1  o 

za 

a 

za 

xo 

z 

xo 

OCL 

o 

oa 

~> 

Lt 

-5 

ct 

o 

or 

—  Uj 

-»iij 

•_J 

-^ 

•  _i 

o 

UJ 

•=t:> 

i  II      <i  II     or  II      q;  II      <i  II       •  II     a:  II       •  ii      jj  i 

OOiOOQilOXZ 

I/)         —         —        :x_<_j_i_)_i_)        —        11.-5         —        —         ">o         —         —         o         —         —        —         — 


<ji 
zi- 

M 

oa  (/I 

"-•UJ  <r  >-<  (/)                  c/1 

ij-  a  ar  >-*        tA                 -d                  "^ 

wc/l  (A           OC  <                                                    «I  </1>-ir30"> 

>-UJ  <x                       t-id  O                       {/I                       _l  i-iOC/)— lt/i<i                       _ji-i^t-«[/l 

Zm  on                    iiro                   <t  «i                    i-H                    Z5  t-ii-i/irjzj-i                   oo;a:Q;z) 

ujo  o                    I—         oi-tz  Q^                    ty                    u  ^«aLijoaO(/icLLjuji±j_j 

•""I'l  ^                    (/ixiv-a  ii_                    <i                    ^  ofyz>-i'-ioi-io._j-j_i— I 

UQ.  l-i                             UJ>-UJl_1  »-l                             (J5                             <I  t-iI3^a.0.>—             —IT^r^OliJ 

i/>t/i  o                    Q.ci>-Lj  X                    _i                   >-i  i/iu)ft'i/)(/ia_<t-oooz 

0^                          _Ii-iUUQ:  <                           3                          Cf  3l-l<I>-<l-lU.<->OOOOUJ 


v>>->->>-_iixzz>-t-'a«<i«i«i«i«i 

IIXIXXl-li-l'-<tHi-4i-<^_|_)_|_|_|_|_) 

Q.ao.Q.aaQ.aacLQ.Q.a-Q.Q.aaQ-a.a 

Q.Q  Qri/)_)i-iUJ0?'3a<IO3>-(KOO»-<«J>-'>-'UJ 

O-o  Q.>-<ooo_ix:ioz»i-(-«iou.iix_i 

l""  IIXXXX>-ii-i>-ii-ii-ii_ii_i_)_i_i_i_l_j_l 

Q.a.a.Q.a.a.Q.a.Q.Q-aa-a.aa.Q-a.Q-a-a. 


o 


■0 

T3 

■0 

T) 

■D 

o 

O 

o 

O 

f- 

o 

P- 

—t 

(- 

-p 

t> 

m 

2 

70 

z 

^ 

vC 

f 

ro 

TJ 

■D 

■D 

■D 

-D 

O 

O 

O 

Cj 

r- 

n 

(- 

(- 

f- 

rn 

m 

m 

]> 

X> 

c 

2 

2 

Z 

z 

;c 

O 

O 

t-» 

l-t 

n 

z 

z 

t/1 

10 

o 

n 

M 

n 

Ht 

o 

c 

c 

I» 

J> 

Ij-I 

1- 

r- 

r- 

t- 

l- 

o 

o 

m 

(/) 

C" 

o 

»-( 

o 

o 

-1 

-0 

•0 

I- 

-0 

r- 

OM 

X) 

z 

m 

ox 
ox 

O  -I  -I 


l-t  n  »-»  ,« 


»H  l-l  l-H  X 

o        -(        -t        -<        -<        m 

I/)  t-H  t-(  »-1  t-1  ^ 


o 

-« 

-n 

> 

;o 

l-H 

l- 

t> 

2 

M 

o 

03 

-»l 

X 

» 

o 

-< 

M 

w 

M 

O 

z 

X 

r- 

M 

m 

» 

o 

X 

-4 

c 

3C 

x> 

l-l        J> 


1-1  o 

o       z 


z 


■DtJ 

mi-( 
om 

IHZ  il 

m-H  11 

-n 
mh-4 
xo 


o 

II  x> 

L0-< 

m 


^         _        o 


ze^ 
wo 

ZI 

c 


X 

• 

• 

o 

o 

II  > 

II 

II 

HZ 

II  X 

2 

CD 

cs 

corn 

XI 

• 

c 
o 

• 

• 

C^ 

I 

• 

;^ 

-1     i-«        m 


M  t-l  & 


ro         rvj         H* 


(O 


Z  OOUJLUljJZ>-  -J  Z} 

o  ai:_)_i_io_i  1-1  X 


_i 

Q. 

u. 

■au. 

iL 

O 

•  •- 

jj 

•a 

OLa 

d 

Q. 

u. 

m 

Z 

UJ 

CDUJ 

UJ 

<I 

Uj 

Q^ 

-J 

_i 

_l 

>- 

UJ 

_i 

UJ 

^ 

—  ^ 

^ 

5^ 

-J 

1— 

f- 

z 

•  z 

z 

o 

a: 

liJ 

•  1- 

UJOO 

3 

113 

3 

t-l 

UIH 

z 

Xli 

ZLU 

•  V 

l-i? 

•  !^ 

•1- 

zo 

UJ 

t— —1 

uj:i 

:«ri/i 

(/lt/1 

:^i/i 

l-l/l 

UJO 

UJ  II 

Z  11 

jj  II 

on 

<I  il 

OH 

►-  II 

UJ  II 

a. 

Ld 

ct 

o 

UJ 

O 

3 

ct 

llL  Z  Ct  •  •  13  •  ZO 

t/)<3      >-         00         UJ         -J         I—  cm         ujc_3 

Q:  II      <i  II      t-H  II      :^  II      X II      1—11  II      UJ  II      jj  II 


ruJ 
<tx 

Zl- 

t-i 

ua 

MUJ 


Zt-< 

ujcj 


«ii-i»--ii-H  i_(i^  t:i:ujuj»-ii-<»-i(/i 


^  zzzzzzzzujuj-izzzrzzzz 

U  OOOOOOOOl—  l-<IOOOOOOOO 

xjcirxxixxoouoouooooo 

U.aJUJUJUJuJUJuj>->->->>->->-V>->>- 

-J-l-J-l_l_l_l_l_l_l_J_l_i_)_l_l_l_l_J 

OOOOOOOOOOOOO  OOOOOl) 

Q.Q.Q.a        Q.Q.Q-Q.a-Q-Q.a-Q-ixa.Q-a-a-CL 

^J  rj         oo  rj 

.♦i^  o        a  o  o  i/i  X 

9-S  <-i'-<or53Z)i-i>-ar>a>-oxxr)>>-ii-i 

u-o  ouJXoaaQ.:>_iu.o_i"a<i<i<i"aDCD 

MO  ooooooooooooooooooo 


ro 


-D 

-o 

-0 

■D 

-D 

-0 

-0 

■V 

T3 

t) 

■D 

■D 

■D 

■D 

TJ 

■o 

■0 

■D 

-0 

T) 

■D 

-0 

-D 

-D 

■0 

-D 

O 

o 

o 

O 

O 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

O 

o 

O 

Ol/l 

W 

l/l 

1/1 

to 

X3 

■D 

■D 

■D 

■D 

■V 

T3 

■V 

z 

z 

z 

z 

z 

3 

z 

r- 

;^ 

1 

I 

I 

-n 

m 

O-D 

TJ 

o 

I> 

f 

& 

C 

O 

O 

X 

m 

I> 

t> 

c 

c 

m 

& 

o 

l-l 

J> 

*> 

m 

-< 

•< 

m 

o 

TO 

OT) 

rv) 

ro 

■f 

ro 

*• 

ro 

ro 

i- 

ro 

ro 

ro 

ro 

"D 

T3 

TJ 

T) 

■0 

-D 

T3 

"0 

T3 

-0 

-0 

■0 

TJ 

■0 

-D 

-0 

■D 

-0 

-0 

■0 

T) 

■0 

T3 

-D 

T3 

■V 

O 

o 

O 

O 

o 

O 

O 

O 

O 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

o 

C 

o 

O 

O 

t- 

t- 

1- 

(- 

r- 

1- 

(- 

1- 

1- 

r* 

(- 

f- 

r- 

(- 

r" 

f- 

f- 

r- 

r- 

r- 

t- 

r 

f- 

t- 

1- 

f- 

-< 

-< 

-< 

-< 

-< 

■< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

-< 

■< 

-< 

O 

o 

CI 

o 

<D 

CT 

O 

en 

Ci 

in 

CI 

o 

o 

o 

o 

o 

o 

o 

o 

Cl 

Cl 

o 

o 

o 

Cl 

Cl 

o 

o 

o 

o 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Cl 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

m 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

z 

^ 

3 

2 

I 

2 

2 

jL 

JC 

2 

2 

I 

:i 

3: 

2 

2 

3 

at 

3 

z 

3 

3 

3 

3 

3 

3 

3 

c 

z 
J> 

3 

mJ>a:o3zi~r--<X);o;D-<oi-iZ2{_-ai-oo-i£m  (/ 

/'3^>loo-<-<— tc/i;DO-(CCo»-Hi-tc»>'~/UA)rnr-o  i 

crTioi-i-ii>-ii»r-o'-i-<f"  ;dvizc  ici-dt30/oc  c 

|-ZIl-l</)-II>f->»  Of-  ^  C3  l-iOt-ll-iC0l-l3  H 

t.t/)rTiz(/)Cooo;fl  ii-i  -<  3  -ni-iT3T)m  n 

XI  zriMxiMOi-i  i-i>-i  n  oi-immT)  i/iw 

»-"(/»Z3-<aj»»»i»  (-;d»>  -n 

»mi/iccmm  »-ior-  mi-i 

m  m33i/)-n  cmc  tjo 

■n  O  3C  o  3  t- 

o  I-  m  -)z 


m 

m 

• 

:n 

T 

t 

c 

3 

II  M 

II  w 

II 

II  m 

II  t> 

II  r> 

II 1- 

II  & 

■DlyO 

-oto 

01 

m 

Z3 

i- 

& 

zi- 

02 

03? 

■D 

z 

b* 

»- 

o 

mi- 

r-« 

^« 

O 

m 

H-4 

• 

£ 

-< 

m 

— * 

r-^^ 

03 

Cl 

i:m 

— * 

r 

m 

I" 

mx 

m 

0(/) 

XJ 

l- 

m 

o 

X)0 

50 

*> 

OC/l 

-»3: 

-< 

& 

3 

• 

;o 

H  — * 

II  m 

II 

II  m 

mi/j 

HH 

o 

m 

x« 

(/) 

c 

z- 

o 

z 

;o 

m 

CO 


IOC 

>- 

UJO 

U3 

— 1 

o 

-I 

•  h-l 

z 

• 

o 

O-l 

o 

^ 

II 

II 

X  M 

Oil 

1-  II 

• 

<l 

o 

o 

z 

UJ 

a; 

UJ 

z 

Q- 

u. 
o 

U- 

UJ 

ZUl 

z.^ 

>- 

U. 

oo 

Oi: 

_l 

a 

XI 

XUJ 

_l 

•  a: 

<I(/1 

<u. 

o 

_IO 

z: 

rv 

I 

Hi 

o 

—J 

«t 

-I 

ujc/i 

^UJ 

-*_i 

-I 

■z 

t/i 

or 

•  1— 

•  o 

-J 

t— 1 

UJ 

Q.Z 

i-<i 

i-i 

UJ 

X<I 

q: 

ar 

«n-» 

<3. 

01. 

>— »- 

a. 

«.UJ 

UJN-* 

UJ^ 

UJ 

oz 

•  h- 

q: 

o 

^— 

q;z3 

^m. 

lj.I/7 

•  CD 

•K- 

a- 

o 

>• 

-(UJ 

o». 

oa 

•o 

—  I 

a 

ZJI 

1-1 

UJ 

Q^a 

•  II 

Oil 

O  II 

•  II 

•  II        U.  II 

CE  II 

_i 

00 

^ 

o 

O             <3. 

—        a: 

o 

1- 

oa 

MUJ 

IHtfl 

t-UJ 

Zw 
uju 

MUJ 
UQ. 


1-1  O  T> 

I         1-"        t- 


3  t-t  M  I-I  HH 

z  a  O  Q  Q 

o  o  o  o  o 

o  a.  a.  Q.  Q. 


_i         -I         -a 


-I  -I  z 


CJ 

or 

1— 

1/1 

o 

ct 

o 

o 

o 

Q. 

a 

a 

o  l->  l-l 


Ol/l 
OX 


-H  M  CJJ 


"n         -n         m 


f-         iJ         >-• 


t-H  n  XJ 


on 


XI 

mj 
-•ol 


Cl 

■x> 

;d 

-< 

iim 

no 

(1 

(Dca 

-I  o  — 


in 


J.»-<  Lu 


>-  OU 


_ll-l       Ol— 


t—  M         1-11        O  M 


Ul 

•  <l 

•a 

• 

• 

•  1-4 

•  <x 

Q 

X> 

ro 

CD 

^ 

l-CD 

^U. 

O  11 

X  II 

X  11 

a  11 

O  II 

1—  II 

O  II 

bj 

tu 

Ul 

>- 

o 

3 

o 

DO 

—I 

o 

a 

(/) 

a 

UJ 

Tia 

02 

z  II 

II 

^  II 

>-  II 

h-  II 

>  II 

UJ  II 

X  II 

J  M 

1-4 

• 

l-t 

a: 

«i 

a; 

a: 

LLl 

O 

-J 

o 

_l 

*- 

3 

— 

LD 

-I 

O 

J_3       _JU 


—  —  —  O 


1-1  _I 


1-4  <I 


a        1-1        M        1-4        1-1 


•UJ 

0.0 

-1 

or 

*■ 

<t 

Q.O 

CD 

CD 

CO 

(5 

(/lO 

o 

o 

o 

O 

a 

Q. 

Q. 

a 

■O  T3 

O  O 

11        I 


"D  "D  "D  "D 

;c        c        o        c 
m        -<        — (        -< 


•D 

13 

"D 

•D 

T3 

-D 

T3 

T) 

T3 

"D 

■D 

■D 

T3 

■n 

T) 

O 

o 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

O 

o 

O 

ow 

TJ 

-D 

T3 

■0 

-D 

■D 

-a 

O 

2 

z 

z 

Z 

O 

<D 

CI 

o-o 

C 

c 

m 

m 

I> 

& 

» 

< 

O 

I 

o 

t-l 

m 

■0 

z 

a-0 

r\j 

u 

CaI 

*■ 

v£ 

w 

00 

OJ 

r\» 

T3 

T3 

■0 

-D 

■D 

T) 

-D 

■D 

■0 

-D 

■D 

T) 

T3 

13 

-0 

o 

O 

o 

C 

O 

C 

O 

O 

o 

o 

O 

C 

O 

o 

o 

t-l  H  1>  M 


/O  »-<  n  1 


m         (—         r- 


;d         ►-(        »-* 

l-l  CO  n 


o         —         »~ 


II  -I 

CD-t 

5D« 

O 

o 


II  a     II  T 

"DO       CD^ 

rnrn     rn» 


M  o 

Z  1-1 

D  Z 

C  D 


fTl 


lO 

z 
0 

c 


m 


D  O 

cr        1-1 


o  I 


>-  I-  t-  1/1       (/l_l       OO  •Q.  Q.CD       —  Z  lUIZ       l-Q.       >- :S       >-  X 

«a  n      »—  H      »-  n  n      a:  h      o  m      ii_  ii  it      on        •  d      on      an      t—  ii      t—  ii      t—  i\      t—  ii 

uzz_)Q.ocK  to        —        —        -J^zzi: 


OO- 

l-tUJ 


Zi-i  1-1  i-i  (/I        a;        ^ 

luo  ^         <i         •-<  (^  t/1         o         z 

WLU  Li  Z  >-  la  t-l  >-l  o 


3         :d         2         o        o         -a         <: 
M        w         1-1        a         a.         1-1        •-« 


O-O 
CLO 
(/lO 


X 

r 

2 

z 

_) 

1-4 

IH 

^ 

3 

»-l 

q; 

:^ 

C^ 

ar 

I/) 

a. 

a. 

Q. 

Q. 

a 
o 

z 

<i 

z 

3 

_i 

1-* 

Q. 

3 

> 

1-1 

Q^ 

or 

or 

Qi 

C/) 

Q. 

Q. 

a 

0. 

a. 

t-l  t-H  M  t-t  t-H  O 


00 


;d  o  Tj 

&  c  -< 

M  &  < 

t-  M  t-t 


on 


O  f-l  M 


n       o       o        o) 
;o       ;d       ;d       o 

M  )-t  hH  -O 


XI        ;c        c 

3  I  C 

1-1  l-l  U) 


XI 

X) 

m 

m 

II  I> 

II  I> 

II  ■< 

II  -< 

*>-< 

c-« 

Tjm 

-Dm 

z 

y 

r-xi 

r-xj 

o 

i> 

T> 

i> 

m 

X) 

zm 

zm 

X) 

■n 

-IX 

—IX 

in 

■fe 

t> 

O 

T) 

1-103 

MCD 

2 

f— 

2rp 

Z"l 

I> 

r-2 

r-z 

tn 

TT 

m-i 

m-< 

c 

-1 

>I 

i>i 

II  m      II  m 


XJ 

o 

XI 

m 

o 

II  t> 

II  XI 

11  r» 

iir- 

I1 1 

■< 

J» 

XI -< 

i- 

nx 

-< 

& 

m 

xjm 

*^ 

l-» 

(- 

X3 

mn 
(Tl<7> 

llt-l 


-I      -l-l      CI 


"i 


o  h 


t-H<  •  2C_)  X<  •  >-  XX  •X        _J  UJOn  CD  ••=! 

3X       l/l  Ujm  >-0       ^  LU  (/lt/1       Zl/1       LU  _IUJ  •  UJ  ^t/1 

X  II      :z  M  It      uj  II  II      z  H      o  II     (/)  II      en  n      or  II      211      x  n      u-  11  i)      on      o  11 


to 

a: 

a; 

XI 

0 

0 

_l 

00 

>- 

XX 

•X 

_1 

LUt/1 

UJ 

(/it/i 

Zl/l 

LU 

_IUJ 

(/)  II 

q:  II 

or  II 

2  II 

I  II 

<3. 

Z5 

lU 

0 

0 

ruj 

<JX 
21- 

OQ. 

I-IUJ 

li. 

Mt/i  (/I  on  t/1  t/)  »-i 

I— aj  t-i  t-4  ^-(  1-4  on  h-t 

rt-<  -J  _i  -I  _i  w  □ 

ujt5  K-t  i-i  »H  i-t  [/)  d: 

Mbl  h-  »»  k—  »-  :^  <3 

OQ-  <I  <I  <I  cj  LlI  in 

Ml/)  D  Z)  3  13  :»  ?• 


X  1-1  '-' 


z        z        z        z 

3  3  =)  D 

Z  Z  Z  Z 


1/10 


o 


c 

c 

-4 

(d 

(/) 

I/O 

z 

z 

m 

c 

o 

PO 

;^ 

;o 

po 

;c 

x> 

E> 

& 

t> 

*■ 

*• 

> 

Z 

z 

z 

z 

z 

z 

C 

c 

c 

c 

c 

c 

Z 

z 

z 

z 

z 

z 

o 

o 

o 

o 

o 

n 

c 

c 

c 

c 

c 

c 

f- 

(- 

r- 

(- 

l- 

r~ 

c 

c 

c 

d 

c: 

c 

I/) 

v; 

(/) 

I/) 

C/l 

>/> 

z 

z 

z 

z 

z 

z 

z 

z 

c 

c 

c 

c 

c 

c 

c 

c 

z 

z 

z 

z 

z 

z 

z 

z 

o 

n 

o 

o 

o 

o 

o 

o 

c 

c 

c 

c 

c 

c 

c 

c 

-<0>-'INi<:CCC-<(/)(/)t/)X^^T)"D'DOOOOOZZjt  CD 

(/);ozornzzzmccornrnmcorTi;D;c;?3;oo*»i>c  otj 

0  &        c  -D 

X       ?3       ^       x>       :f>       ^ 

1  I        I        >        i>        s> 

^  M  M  M  z  z 

(/;        z        z        o        c        c 
o»x>czzzzzzzzzzzzzzzzzzzzz 

■DzziooooooonorjoDooooooooo 

-t-t-HOCCCCCCCCCCCCCCCCCCCCC 

m        X        X        "H        (-        I 
x>cci/iccc=ccc;cccic:ciccccc;cccc:czc 

I/)  -< 

t>  z 

I> 

X 


(/)  mi-ii-(r--(i/)/Or--»moooci/)Xxxi/)i_ii='t»>-i  "D') 

»  c*>t>u)oo<7>;DZi'ioi-"«»t-x^;«mr»ii/)coi>  om 

I  z-«-(Oc;d>-ii>i/i                  >-i>-i<ri<;xxi:cz                             -(  >-iz 

O  occii--no-(                             -H                  oi»-<-<-<cz-(                             c;  m-i 

»  c:i/)(/)mt>i-<cc                             c;                             zzzzi/)e>                             i/i  uim 

r-  i"                           z— (Mirti/i                           t/i                           »-<ooo(-  -Ti 


-iz 

mx 


of~r-c_TJ-.ooDO(ni:t-i-i-zxicnr-(rix 

o«          •  CO— i»          rTi;u;;o»          •          •          •          rnt-i^»  xo 

lie:      II          II  IK/1      II  n      no      ii          ii  i/i      no     ii  i>      ii          ii          n          ii          n  i~      ii  n      ii  m  ii          n  t>      no 

0(-                ^  I/)        >-i         ;o         o         00         Z     (/)-<         o     OJ                   o            c/)         I         m  <n-<     to^ 

o-i                &  •yaJO.-)c-             xr-                    X            "HZ  ;D-t« 

»•                 -t  co»z                   isj^mM                  m                      ;Dn  m;o 

A                    -<  ,».                    (Tcoxco                   mc^o  &j> 

i/jp'r-  xo-ix                     (/I  — ii-t 

rnm  r-                                      nrni-ix»  ci 

rTi»               ••  •r-;DX)2&  t/)x 

oo  m               -n                                       c^           o  -H        -< 

<••(/)               ;d  (DO                                    CD                                a>  ;d        m 

rnt»  rTirncDCCDX  t>rn 

70                 -t  zajc-ic«  HE" 

X-<  C/)«-l-l-l  o^ 

■<                 r~  o                                  -I                  m                 -H  X 


X  C-l  M 


(/I        t-     liJ 


•  >-l        •1-1      z 


>-3 

>-m 

!:»- 

0(/> 

1  II 

•a  It 

d  II 

Z  II 

o: 

a. 

X 

o 

a: 

(/) 

□D 

a:i 

rvioj 

»_4 

UJ 

q; 

tr 

zee 

0^ 

«« 

O) 

o 

o 

MO 

CD 

1/1 

• 

m 

ou 

icy 

l/l 

I 

-^ 

OLLl 

^m. 

lu 

_i 

• 

«« 

^m. 

u 

cni- 

• 

•  q: 

UJ 

^ 

• 

• 

z 

<1 

h- 

ao 

u 

o 

a 

o 

'kj 

—I 

f- 

O  II 

Z  II 

O  II 

UJ  II 

LlJ  II 

UJ  II 

•  M 

3  11 

o 

LU 

X 

o 

o 

a 

-1 

z 

i/i 

— 

^ 

** 

*- 

o 

*— 

muj 


MU! 

OQ. 


Z  •-'  1-1  H-i 


O  M  M 


3  1-1  1-1  I-.  1-1 

0-  li.  U.  u.  U. 

Q-  U.  a.  U.  U. 


X  i-<  1-1 


O-O 

wo 


<l-llHI-ll-ll-lt-ll— I 


u 

O 

r 

£ 

£ 

r 

Ckr 

(*• 

Q^ 

Q' 

or 

Q^ 

q; 

Q? 

1-4 

1-1 

3 

3 

o 

o 

o 

O 

O 

3 

o 

o 

o 

O 

or 

or 

or 

Q^ 

0^ 

or 

0^ 

a: 

0^ 

or 

a" 

CI- 

Qi 

ar 

o 

z 

Q. 

»H 

i-t 

UJ 

<t 

i-l 

z> 

rY 

t^ 

<t 

3 

(/) 

(/i 

>- 

ct 

m 

o 

-I 

r 

(/I 

C/l 

»— 

a: 

(J 

O 

-J 

Z 

o 

i-< 

*-* 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

Q^ 

Oi 

(^ 

a: 

or 

o: 

Or' 

tf 

a 

c^ 

or 

Of 

Q^ 

nc 

jj 

o 

O 

r 

«i 

< 

3 

3 

3 

a: 

¥ 

0^ 

10 

;d 

;d 

/O 

c 

c 

c 

c 

-0 

X 

o 

o 

c 

Ol/) 

o 

O-D 

o 

□  T) 

-I         -t         z 


— 4        t-t        rn 


l-t  O  M 


-1  C)  -( 

>-i        h-i        e 


t-«        t->        ^ 


-12 

n3[ 


l-l  T 

III-      II  m 
or-         r- 


c 

• 

rri 

II  73 

II 

II  l-t 

<HA 

IZ 

mx 

MT 

II  -1 

II 

II  -H 

II 

lll-l 

2-1 

s:(/i 

CD 

Jtl/I 

o« 

m» 

fH 

m?- 

l/l         -< 


m 


311 


3 

00 

3 

0 

•  a 

£. 

>• 

-1 

LU 

LlJ<a 

_l 

0 

rv 

<I 

or 

>_ 

•I- 

• 

<i 

•  KH 

a(/i 

I— 

0 

>ac/i 

oil 

►-II 

II 

II 

0 

3 

• 

• 

_HJ 

Q. 

oa 

Q. 

3  II 

UJ  M 

0 

0 

ruj 
•ir 
zt- 

MUJ  _)                                 1-1             (/)  (/(              M              t-l 

1^  l/1<J_ll-ll/1UJU-_l 

i-iw  "S                                                  (/)                             i-ii-ix                   «i_)i-i  n        <-»        "^ 

i-iJ  o                                                 (-(                             c/i>-ia                   t-<ioo  i-i>-<a 

Zm  1-1                                                                  Q.                                      2l/lliJ                         Z2Z  0<I0 

^tj  Z                                                                               O                                              UJUJO                             U1»-IUJ  fl.Zt-1 

Muj  <ii->                                                 i-i                  <sr>i-<oo'o»^x  071/) 

ua  cKo                  fc^i_<                  X                   3<iiMaiO«-'i-icj  t-i-ico 

in(/)  ODQ^                        _l_l                        I-                         ZZSOZOL.*-  00<I 


2Z  000000000<a<I<I*5'3*I*I*~' 

C>0_l_l_la<Ih-i>-l>-ii-(i-i>-<i-ii-Ht-i303r3333«I 
(J0000i-lhH33r>333rj33OU00<-)OOZ 

t-t^-l00(/)£/)>>OOOOOOLDOiJ>l-it-'»-t'-''-**-'*-*^ 

-i-i_i_)_j_i_izz^z^^zzz2zzzzzza 


0.0 

ao 
1/10 


■Pk 


Ol/l 

ox 

o-oj 


►H  t-t  H  H-l  X 


en         t-t 


— *        »-(        (-4        a 


z. 

i/)i/. 

o 

Tjq 

<^ 

niH, 

»-( 

opr 

z 

m 

m-| 

f 

i/)t- 

i 

mi-! 

0C( 

M  O 

z        o 


o 

•0 

O 

no 

II  ►H 

II  O 

i/)^ 

■D 

i/i7<: 

MO        11  f- 


c 

:c 

z 

»-t 

M  X 

II  r> 

II  o 

II  T3 

t/l 

I 

m 

om 

n 

• 

r- 

OT) 

• 

2 

I— 

• 

c 

II  II  l-l        M 

m 
o 


XI 

l-H 

• 

• 

m 

II  m 

II 

II 

I/) 

o 

030 

I/ICO 

r- 

• 

»o 

(T 

• 

oz 

2^ 

o 

3« 

^ 

• 

•  UJ 

UJ 

_l 

ox 

UJ  (1 

O  II 

:^  II 

QJ 

z 

o 

o 

UJ 

O) 

—  —  I        —  z               -.                             uja:        t-     or                                          i: 
-i«Qr  _i  w_j_i_iuj            cdi-ujq:                              lu<i 

-I— lUJ  •_!  ^_l_l_l^              •tOLlUJ              •             •            z>-i 

«ua_i<i  t—     iij<iujuj  Q^u         a     _i         o         ^         ^         ujcj 

2:11      z  II      >-i  II          II      z.  II  II      211      2:11      2  11     UJ  II      c^  II          II      <  II      -III      oil      oil      ^11 

(/lujo.  •(/)  •o(/iocto          •o<ooii: 

—  —          —  o          —  _JI          —          IO>-_J          —          oxxo 


1-  Z         1-1         ii  1-0 

z  <  >-  Ll.  Z  Jj 

ui        o        <j        3  on: 


UJt- 

ruj 


ZM  t-li-i_|_)00_(22ZZZZt-<I«I«IC 

UJU  '-l>-l«IeI2-lliJUJUJUJUJuJ>-IZ22U. 

•^•'i  tn_JTTiii«Q(T)onno(/)<i<t«ii-t 


•UJ  o  <i         a        1-1 

9-°  S>-«»<UJ30000 

^<-J  <<<I««Xtf<2tfcT<3 


-l-(-t-l-l-t-l-*0 


in 

l/l 

(/) 

lA 

to 

to 

o 

o 

o 

O 

o 

o 

o 

to 

f 

I 

r- 

I 

r- 

m 

1- 

o 

»-» 

o 

(-1 

m 

m 

U) 

i/i 

1/1 

to 

to 

to 

o 

o 

o 

o 

r. 

o 

o 

f-t 

X 

I 

I 

X 

1- 

^ 

o 

o 

o 

o 

»-* 

■0 

m 

m 

m 

m 

o 

c 

z 

z 

z 

z 

■D 

00 

o 

o 

o 

o 

c 

r- 

r- 

o 

o 

Ifl 

t— t 

t-H 

,X) 

X 

« 

o 

O 

oto 

I 

■D 

> 

OT) 

m 

m 

z 

OTI 

c 

o 

m« 

to 

to 

to 

o 

o 

o 

I 

r» 

> 

m 

z 

r 

c 

o 

o 

o 

n 

»-i 

(n 

E>  l-H  1-1  M 


»-t  »-*  C3D 


om 
>-iz 


-n 
■oo 

M 

-tz 

XB> 


i 


o 


to     to  ~i-^ 


II  Z       II  :d 

-t    zto 


c 

I 

II  X) 

II  ]> 

II 

(-00 

on 

"n 

t.x 

£>• 

>-t 

z 

(- 

o 

o 

i-H  tr> 

i: 

m 

■n 

o 

f— 

oco 

XI 

m 

;do 

-1 

t> 

ZT 

-n 

»-ir" 

□ 

a 

«<« 

<n 

c 

c 

2 

n 

II  ^ 

II  X 

II  C 

II  m 

I> 

X>I> 

-n-( 

■Dm 

z 

CT 

r--< 

i-z 

o 

too 

!>• 

i>m 

X 

X*- 

f-H 

r— 

r- 

z 

i-H 

rrlCD 

f/1 

r- 

i>x 

:i 

-< 

-nm 

c 

m 

to 

-oz 

-< 

nm 

t> 

II  o 
toe 

-r  X 

mz 
■D« 
I  — 
m 
;Dr- 


I 


V) 

o 

I 
m 

3 


O;    LU 

a  z 

o 


O  II 

o 


oc         >-         >- 


3 

-J 

•  CJ 

o 

h- 

r 

ore/) 

< 

«I 

(V 

i-(- 

•U. 

xo 

l/Kl 

^m 

i^tO 

COI 

UJ3 

3./. 

Oil 

q:  II 

O  II 

«i  II 

o 

■D 

l-l 

UJ 

i        —        — 


—        _        —        o 


U3    _| 

»— 

•a 

0 
< 

0 

uJ 

.  3 

z--' 

^  0 

• 

0^ 

0  PI 

0 

or  3 

0  II 

II 

UJ  II 

X 

• 

►-» 

o 

z 

o 


UJ 
■^X       UJO       UJ 


<  II      on      UJ  II 
a:        o        q; 

0x0 


UJ  tl 

(X 


kl»- 

ruj 

«JX 

zt- 

OQ. 


ZM 
UJU 


0.0 
(/)0 


00 


<-)  1/1 

O  -o 


—I  3 

n:  > 


II  m      II  -D 


o    m 

J» 
3=  -I 
m     o 

CO 


ct  — 


i:     —        — 


•  «I 

^ 

1-3 

UJ 

*—  M 

UJ  II 

Z> 

ac 

CKII        Oil 


U  II       uJ  II 


O  II 


I         —        •- 


2  «-  ~  — 


UJt- 

<jr 

i-» 
ua 

MLJ 


l/l  IH  M4  t-l  »-4  »-*  fr-< 


Zi-1 


_i  X  Li_ 


i-i  i-l  o 


(1-  U.  u. 


Xt-t'-lk-l»-lt-<»-lt-IH-l 


00 

o 


HI-H^-tt-lh-lf-tt-lI 


l-l  l-i  l-i  l-l  I 


t=  -I  -I 


^ 

m 

,V 

I 

»-H 

70 

t-t 

m 

J> 

h-> 

LO 

z 

n  C  i-> 


(Tl  —  (- 


II  m 

II  j> 

■om 

o-c 

r-^ 

I 

irn 

m 

o 

II  o 


70 

Tl 

yc 

o 

II  m 

II  rf 

II  m 

II  o 

m 

rr, 

m 

CD?i 

2 

■z 

7 

<—• 

:| 


XI       t-*  •-« 


00 


UJ 

tlJOr 

z 

Zl-i 

UJ 

UJCD 

UJ  1) 

UJ  II 

af 

a 

o 

o 

-I 

^ 

o 

^ 

LUl 

o 

X 

o 

^ 

• 

UJ 

o 

UJ 

• 

o 

o 

>-I 

h- 

>-x 

<J 

UJ 

•ao 

l-t 

•lO 

I 

X 

<^ 

a; 

I 

q; 

o 

o 

• 

o^ 

oz 

>- 

1/1 

o 

«-» 

o 

HH 

UJ 

_) 

—o 

UJ 

-~o 

I 

i^ 

UJ 

•  UJ 

z 

•  UJ 

UJl-l 

a: 

z 

l-Ct 

UJ 

i-a; 

• 

zu. 

UJ 

t-o 

UJ 

t-o 

-J 

UJ(/1 

U.II 

•  II 

oil 

a:  11 

3  11 

II 

UJ  II 

*-i 

•a 

z. 

o 

Z 

• 

q: 

a. 

** 

•«■• 

** 

■^ 

o 

o 

(-C  (/) 


-J 

•  o 

UJ 

^o 

:c  II 

O  II 

o 

o 

UJ  •<!  _l 

o  t-o  <a 

•  o  i/>z  •>- 

I— X  UJt-l  (/>_! 


UJh- 

ruj 
ax 


lUJ 

-UJ 
ZtH 
ilO 
HIiJ 


►-I        1-1        ►.(        1-1        (O 


00 


IHt-l>-l>-ll-l>-ll-l>-ll-ll-llHI-<l-ll-<>HMt-l>-(l-l<-((-ll-.»-lWf-l>-l  OV) 

i/)(-ii-iooa)i>(/ioi-i>(/):i        3i~i/i</)W(/)</)xj^"ooz3  co 

j»2OOi»rTiz-<"nor--<&i>'<c"0rnoommi>xoc  oT) 


^ 


zzzzzzz2;c^;^);c 

ooooonoof-ii-if-ii-i 

XXIIIIIICCCC 

t-il-(>-ii-i>-ii-ii-il-iI333 

cccccccc 
jca33i:r3i 


t/>        »-i       i-t 


-IC2l/);0  h-i  Z(-4l-i 

03V)H-"Z  "H  &I-II 


c  M 

2  C 

2 


o 

l- 

l/)(/) 

— * 

-1 

-DO 

11 

^ 

IHh-» 

-»1 

o 

om 

t- 

» 

MZ 

o 

c 

m-) 

X) 

f- 

(/)1H 

t> 

HH 

1\ 

l/l 

rnM 
-DO 
n 
-IZ 

ma 

II  O 

II 

II  m 

II  -i 

II  r 

i-i;"; 

OD 

(71  :d 

lOO 

or 

r-)Z 

OM 

o» 

rn« 

o« 

!»• 

cm 

(-  1 

to 

3 

ocoooimi 
II  i-H     II  ;o     II  i> 


r-         o 

o 

t> 

o 

o 

O 

II  & 

II  CD 

II  —1 

II  x> 

HO 

II  CD 

—       -IZ 

IH 

CO 

-4 

OOA 

H 

ML/) 

7 

• 

• 

o« 

T" 

II  -1 

II 

II  -1 

o</) 

z 

03 -H 

TO' 

H-l 

cr. 

r-X)     mt> 


o      •  c  m;D 

X      rn  rn  i  -< 

Z      -<  I  rn» 

•       mm  -<2 

CD  -<  mo 

O  rn  o« 

::o  o  o 


o 

-1 

(/) 

O 

I  ■ 

(/) 

3 

o 

l-H 

X 

-o 

l-( 

C> 

I 

1- 

m 

I/) 

1- 

CI 

o 

m 

,o 

• 

m 

c 

• 

2 

1-1 

H 


f 


CO 
00 


^ 

.(/I 

O 

<-) 

>-I 

LU 

o 

ujo 

— z 

-J 

r-i 

•  t-4 

I 

UJ 

xa 

•  UJ 

•  M. 

a.-i 

• 

•-X 

«a(/> 

UJd 

I/) 

_l  II 

II 

1-  II 

►-  II 

X 

a 

o 

lu 

o 

z 

X 

X 

J 

o 

o 

3 

o 

X 

^ 

-1 

(/) 

o 

o 

a 

^ 

1/1 

2 

•  ce: 

o 

• 

o 

U.UJ 

I/) 

u.>- 

X 

i/ii 

i/)q; 

o 

UJ>- 

X 

UJQ^ 

-J 

a<i 

t-l 

D<I 

•  CJ 

UJ 

•_l 

»— 

U-l/> 

-*.ii_ 

t-(/) 

—  C/1 

on  II 

•  II 

t-  II 

•  II 

1-1  Z       _l 


_JO  1-1  _l       _J  >-  'IJ 

«3a         OD         moo         I— o 

Z  II  II  M        Z  II        Z  II       ►-  II 


UQ. 

MUJ 

l-ll/)  1-1 

KUJ  «Z  1-1 

Zm  z  ►- 

UJO  1-1  ^  (/) 

-lUJ  UJ  f  "1  O  1-1 

OQ.  >  >-  X  _i 

l/>(/l  <I  _J  UJ  «I 


V         z 

Irt        l-l 


X 

X 

—J 

_) 

-1 

-I 

_l 

3 

3 

UJ 

UJ 

UJ 

UJ 

1-4 

•-4 

1-1 

X 

X 

X 

X 

r 

(O 

(/) 

in 

l/l 

(/) 

(/) 

n 

•UJ 

O 

«I 

LQ 

X 

3 

-1 

<» 

0^ 

> 

-t 

LO 

3 

(/) 

UJ 

o 

u. 

o 

OO 

1-4 

M 

X 

X 

X 

X 

X 

M 

</) 

<A 

1/1 

(/> 

I/) 

(/I 

o 

=5 

fr_4 

o 

Q 

z 

o 

O 

o 

(/) 

(/I 

c/> 

00 


-D 

•D 

O 

o 

o 

o 

o 

o 

x> 

s> 

f- 

-D 

T) 

TJ 

c 

o 

z 

m 

I 
O 

> 

X 

l- 

r- 

(/) 

I/) 

</) 

1/) 

00 

(/) 

(/) 

Vl 

■V 

TJ 

o 

c 

o 

o 

o 

o 

» 

& 

T) 

T) 

13 

-D 

2 

z 

70 

;o 

I 

I 

I 

X 

o 

o 

O 

CI 

o 

O 

M 

»-H 

I 

I 

l> 

i> 

7i 

^ 

> 

B» 

c 

c 

2 

z 

f 

» 

I/) 

I/) 

K- * 

^-4 

c 

c 

3 

2 

I/) 

(/> 

\fl 

I/) 

1/) 

to 

o 

o 

o 

o 

o 

o 

z 

I/) 

in 

1/) 

(/) 

to 

o 

T3 

T) 

■V 

■0 

-D 

I 

i/i 

z 

z 

PO 

I/) 

W 

to 

(/) 

I/) 

to 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

oto 

3 

3 

z 

2 

o 

o 

o 

O-D 

C 

c 

c 

>-l 

l- 

w 

I> 

o-o 

to 

2 

to 

m» 

to 

to 

to 

to 

to 

to 

to 

c 

o 

o 

o 

o 

o 

o 

r 

r- 

l- 

f- 

r 

r- 

r- 

x> 

r 

■0 

z 

m 

» 

CT 

j> 

;o 

C 

o 

< 

I/I 

X 

11 

-1 

HI 

-n 

Hf 

> 

r- 

-n 

z 

o 

o 

> 

7> 

r- 

■> 

-^  TJ  H-t 


t-t         1> 


X 

■r 

c 

h-( 

f- 

to 

-1 

to 

M 

o 

;« 

c 

r> 

» 

u 

t-t 

»-» 

m 

>> 

z 

-1 

to 

-1         t-H         I> 


■DO 


x> 


II  o 

zx 


z 
<• 


—        ^        a 


—        —     & 


^k 

2 

O 

2 

C 

X) 

C 

II  -1 

II  o 

CO  -H  — * 


^  TJ 

I  m  iii-i 

m  T3 

z  m 


rn;o 


lA 
00 


UJ  u 
£  I 
<      X. 

o 
o 


(- 

•  Q^ 

1/1 

-13 

UJ 

>- 

i/ia 

-J 

a: 

lUI/l 

0. 

QC 

q;o 

I 

:d 

az 

•  h^ 

a. 

o 

I/)  00 

in 

lOl/) 

a  II 

II 

M               II 

-J 

ai 

o 

• 

o 

oo 

-1 

_J 

I 

—I 

-J 

(/!> 

o 

u. 

X_J 

d 

UJQ:: 

_l 

•I 

UJd 

r 

CKQ^ 

_l 

•  uJ 

T. 

UJ 

as 

^ 

<a 

CO-) 

lui 

.-n 

a 

•  o 

•  i 

Q>- 

om 

>-o 

•  (/) 

-J-i 

muj 

>-a: 

•ao 

<3_( 

OQ 

1-1  _i 

CjOi 

Jia 

0.-1 

Q.O 

z 

i<i 

>-o 

LlJ 

ooo 

O 

U)   "^ 

^ 

f£-j 

—  CD 

2. 

l/l 

1  UJ 

o 

•  UJ 

—  o 

x<a 

• 

m 

.^ 

<(/! 

•  q: 

UJUt 

-50 

•  o 

xn 

O 

->Z 

Q- 

LLJ 

►-  _j 

UIUJ 

(j" 

• 

oz> 

•  »- 

—  or 

l/IO 

cror 

"O 

(T 

31. 

OCl/l 

•  II 

II 

3  11 

•  II 

a  II 

O  11 

q:  II 

_i 

• 

a. 

I 

o 

Q 

o 

—  —  i:  or        I 

•  •  UJ  O  I 

U)  (/)  i 

(r  i/i  or  —        ~        —or     i/io    crar     ~e)    tr        31.     oci/i     >-3     >-fY     o_i     i:o     -lo     —        oro. 

o  II     t-i  II     oil         II         II         II     UJ  II  .^11  on  •  II       •  II       •  II         II     oil       •  II     q:  II     oil     Q^  II     <3  II     <3  II 

•  0.  o  X  -I 

T~  —  >»•  —  —  —  <  —  •.-I-  —  (-  JO-IOl/1  —  1—  — 


XH- 

UJ 

Q^ 

Ol/J 

^ 

UJ 

MUJ 

»-4 

•t- 

crt-i 

H- 

0<s 

D 

z 

MUJ 

•  <I 

•  o 

ujo: 

o_i 

xo 

-lO 

II 

<a  II 

X  II 

UIK 

ruj 
<ix 

IH 

OQ. 

MUJ 


Zi-l 

UJO 


"         '^         jt' 

>-        }~*        a. 

ft-  2  X 

SMI-. 


q:'         M         M 


l-t  f/1  t-l 


t-l  l-H  t-t  l-«  l-l  t-<  jj 


O  M  M 


33I3333333q;CKQ'Q'Q:I1:  o 

OlSOOOOiJOOUJUJUJUJUJUJ  z 


•UJ 

(j> 

o 

Q.a 

3 

t-t 

i-i 

Of 

QC 

Q^ 

<t 

I-, 

d 

0.0 

UJ 

r 

01 

UJ 

<X 

UJ 

o 

o 

X 

l/)0 

a. 

0. 

a. 

0. 

0. 

0. 

Q. 

Q. 

Q- 

(/) 

C/1 

w 

V) 

(/I 

(/I 

yA 

C/l 

on 

XI  xImmmmQ- 

aa.Q.a.xQ.a.ia 


or        o 
M  q; 

Q.  Q. 


00 

ay 


t/l 

</) 

U) 

T3 

■0 

■D 

0(/)       iL, 

C 

c 

c 

o-o    1 

M        n         i-H         m 


1-1        r-        r- 


•-I         -«         -H         -<        ;d 


-I  00  M 


t/Ji/) 

T30 

fTl>H 

om 


—         —         o 


—         —         » 


->         —         ? 


II  -<      II  m 


m        r—     f-x     m 


o 

10 

II  X 

II  x> 

CZ?3 

1-< 

-X' 

-H 

«.         —     I 


00 


ruj 

Zl- 


ZM 


11      CK  II      a  M      ►-II 


-I 

^ 

•a 

1-4 

-1 

-i\U 

2 

<3 

l-HX 

X 

m 

CKiC 

UJ 

o 

>-o 

• 

UJZ 

Ol-I 

i: 

• 

>-<(_) 

X 

• 

-J 

_l 

o_i 

— o 

h- 

UJ 

X  II 

_l  II 

•  II 

1-  II 

O  II 

J 

o 

-1 

z> 

z 

w  |_  >^ 


< 

■3 

>■ 

xo 

UJ 

X 

i 

Q. 

Lt 

LJLU 

_1 

♦— 

-* 

UJ 

^^ 

a;t/) 

(_>(/) 

>- 

• 

Q' 

• 

»-< 

Od 

•l/i 

• 

LE 

•  »~ 

cn 

•  X 

-J 

xo 

t— 

Q- 

CDin 

1— 

ot- 

-»o 

-J 

TOT 

t—  II 

O  tt 

on 

«3  II 

M 

•  H 

*-*  (1 

Oil 

:3 

t— 

>■ 

-£ 

• 

-) 

d 

k-4 

^ 

■— ' 

a. 

^^ 

_* 

■** 

:> 

2: 

I-  f-l  rD 


1-1  I-"  X 


-I  _l  _l 


Q-CP  <  Q^  0^  :3 

0.0  O  O  O  I 

ML)  t-  |_  I-  t- 

11  C/1  C/)  (/I  to 


00 
00 


Z)  -I  -I  -4 


1-1        i-i        c: 


M 

irt 

(/) 

00 

z: 

X. 

X 

c 

m 

to 

> 

<: 

-I  -(  z 


C  -t  -t  -I  -I  -I  -I 


C  -I  -H  -I  -<  -(  -( 


-H 

-H 

-^ 

Ol/ 

(/) 

I/) 

XI 

o-» 

-( 

-H 

o 

Ol 

CD 

o 

m» 

</> 

t/l 

<A 

— 1 

—4 

-4 

;o 

;« 

XI 

n 

m 

m 

-0 

■D 

■D 

—4 

—4 

-i 

Cl 

o 

o 

O 

fT" 

-0 

T! 

T5 

z 

c 

C 

C 

(Z 

O  -4  -4  -1 


Z  X  1-4 

1-1         &         z 

0/0-4 


/D 

Al 

to 

i/)( 

m 

m 

m 

-D( 

T3 

-0 

^ 

m» 

—4 

^ 

to 

or 

o 

o 

m: 

-0 

■V 

m- 

o 

o 

t/>i 

A-4 

t-i-t 


m    1-1 
f-     r- 

(-      1/5 


II  r-  II  »> 

toi-i  <;•< 

X(/l  1-4 

j>a  o 


—4       1/1  -4 


.M 

...k 

I 

^h 

-n 

» 

r- 

E> 

T) 

o 

II     & 

II  • 

II  -4 

II  C 

II  XI 

■n 

** 

to 

;c 

to  to 

• 

• 

to 

mx 

** 

a 

I 

j>» 

c 

** 

CD 

2 

2 

|- 

t> 

o 

X 

1-1 

O 

;d 

o 

-4 

CD 

—4 

-^ 

rn 

no      II  » 


o        — 

j>        I— 

I  r-      II  m 


at 
eo 


X     r 


\ 


—  (-  o 


(/I  Z  Q.  Z3 

t-  II  UJ   II  l-H  II  O  I 

<        a  a.  o 

2  —  "  •' 


« II 
o 


l9  II 

z 


t/lCJ 

I/)  II 


•  o 

X 

(-1/) 

ao 

i: 

OtJ 

-ii: 

crtj 

UJO 

_i(/i 

UJO 

-Jt- 

*-i  II 

CD  II 

I II 

1-  II        O  II 


Ult- 

TUJ 

Zl- 


MUJ 

u. 

wl/l 
t-iu 
Zi-1 

UJO 

l-lllj 
no. 


►-         n         t-i 


l-l  >-H  l-H  tu. 


3  3 


a.o 

LOO 


(O 

o 


0(/) 

o-o 


■V 

•0 

•0 

TI 

TI 

■D 

-4 

O 

o 

O 

o 

o 

m 

o 

o 

o 

o 

o 

M 

n 

H-t 

HH 

t-* 

c 

c 

c 

c 

c 

I 

m 

m 

m 

p- 

P- 

9 

c 

c 

r- 

f- 

r- 

|- 

o 

o 

t- 

(- 

m 

m 

;» 

TO 

»-t 

*-( 

1/) 

(/) 

M 

»-» 

3 

2 

o 

i-t 

c 

c 

J» 

I» 

z 

MCCCCCCCC  xc 

CZ3333:222  (/) 

z 

z 
> 

m 


i/)0-(IOJ>  Zl>l~OZ(/)"D  Ml/)  z  l»  2               l/)(/) 

i-<i-immor>  c:;o-<i-ia-<'-"  "no  i>  z  "^            ucj 

uz«ni~t/)i  r-i/js>cif~oz  r->-i  u  a  ui            itim 

"0i-t;^3i~3-<  onx»mmx>c:  oo  m  t-i  t^           orn 

ie>i-ii-(CO  u)"n;j3Z;«^2  /Cc  z  -n  mh 


miH 
-OO 


1/1 

^ 

X) 

^ 

M 

^ 

I 

;o 

-4 

m 

—1 

-t 

A 

o 

m 

-n 

o 

z 

o 

I 

I 

z 

t> 

o 

o 

z 

XI 

c 

-< 

X) 

2 

1-4 

II I 

lie 

11  r- 

II  o 

HO 

HC 

II  -H 

II  TJ 

II  Z) 

no 

II  m 

II  X 

HO 

III. 

M  Cl 

M  CO 

Z3 

-H 

(- 

o 

O 

l/l 

*-l 

XI 

-tr- 

«r- 

o 

XI 

i:-< 

-nm 

O 

OH 

-4 

H-t 

t: 

K 

— * 

• 

y 

• 

x« 

m» 

ISI 

XI 

m 

mi- 

I 

oo 

• 

z 

• 

• 

• 

i/i 

m 

HH 

• 

• 

U) 

ZI 

• 

om 

*-' 

</) 

'^ 

"— 

• 

r- 

z 

«- 

-< 

o« 

a)ccx)r-i-        —        x        — 
X)XIC>»  •  ■□•  -( 

H  i-i     II  i-H     II  -n 


II 

II  c 

II 

o 

&X) 

-ncD 

m 

r-f/i 

XIX) 

;o 

&X 

)-l* 

2 

i/)" 

z 

X> 

7i 

<n 

Z 

I»n 

m 

o 

O 

o 

m 

-nc 

c 

X3 

x)(n 

■D 

r\)        IN)        rj 


a> 


.        ►-  z  >-<                                   I-        ai 

X         3  o  i/i                     z         Z     00         uJt- 

_)  (/I  Q.                           1-4            >-l                      -J 

i-i  o  i:                    t-         ►-      •         — t- 

2          —  _i  a                       2Z(/l.l/) 

o         a  1/1  •UJ     _i            3         rj     z         I'S. 

i-H        UJ  q:x     _i  '(j       'O     i-i        ►-!       • 

_i         ^  — .  (Di—     UJ        ►-r:     ^- 2;     cd         c/n/i     a 

_i  II     <i  II  •  II  II      X II      t-  II      >—  II     on     «t  M      a  I 

«»CD_)  •OD:Daiuj> 

«»        —  —  CKizz         —         —        q: 


•  <3 

•a 

y  _i 

yu- 

O  M 

O  M 

O 

o 

UJK 
ITUJ 
«I 
Zl- 

IH 

oa 

MUJ  <I  00  X 

U.  3:  (/I  I-H  3 

wc/i  or       I-I        ly  (y 

f-UJ  UJOOUJt/>  UJh-ll-ll-lO 

zt-i  azi-  Matia-a  ccujorororx-) 

UJU  lOUJQ.  _(ZZZZ  t-01UJuJliir3U. 

MUl  oao  »-««i«a«a«j<i  (/it^jj_j(5i-i 

ua  co*jo  o»-»—        »-t—        >-  u.        ujooo:^> 

0101  i:>uj  «izzzz<i  Q.5>zzz«ia' 


t-i»-ii-i(/i(/)ooooon 

QiO'lVi-ll-ii-li-li-l 


o.Q.Q.aaQ-ai-ii-it-iMi-it-1 

OOOOOOOCLQ.Q.Cl.Q.a 

rs:xixrxoioioi(/)oooo 


J-Q  MujXttrQ^oooo><a_ja-ujujuj_i 

l-O  _IZQ.UJOXriIO_(<IcfU.U.U-0 

•^U  XIIIIIIIIXIIIIIIX 


ts) 


ro 


o        o 

-I  T| 


ro 


o 

o 

o 

o 

o 

o 

o 

o 

i-i 

*H 

i-i 

I-I 

»H 

Ol/J 

o 

CI 

o 

o 

<p 

o 

o 

-n 

U) 

o 

-i 

c 

-< 

o-o 

o 

r~ 

r- 

r- 

1- 

»- 

r- 

t-i 

I 

;d 

X 

z 

;« 

OT) 

o 

X 

o 

a> 

x> 

m 

-< 

m« 

OOOOCCOOOOOCOOOOOCOOI-it-ll-il-l(H 

xixxixi;3D2zrt-r-  -n-n-n-n-n-n-Ti-nc-4-(t>» 
zzzzztii-imTiiTiijEi-ii-ii-ii-ihiiHMMiiixx) 
{/)iot/)(/)t/>r-f-i-r-(~t-it-imrTimrTimmmrn  -<-<mni 

rTimpnmmi-ii-ir-r-i-rTirnr-r-(-r-r-(-r-t-  331-f- 

zzzzzi/ii/oi>i.>&t>c)Oooooao  &i»f-r- 

00000  i-Ht-»i-H(Ht-(t-»»-HtH  r~r"i»^ 

»  ]>  X>  E>  J>  (/)  1/1 


0 

<D 

<n 

0 

0 

0 

0 

0 

r- 

r- 

r- 

(- 

l- 

r- 

t) 

c 

c 

c 

c 

c 

c 

-t 

-H 

-( 

-* 

-1 

-4 

1-1 

fH 

l-t 

t-t 

t— 4 

I-i 

)-* 

m 

z 

z 

z 

z 

z 

z 

z 

0 

0 

0 

0 

0 

0 

-4 

I/) 

I/) 

t/) 

CO 

</) 

</) 

X> 

» 

» 

s> 

x> 

1> 

j> 

f- 

M 

(/) 

Oft) 

MZ 


-n 

miH 

TIO 


X> 


<n 


o 


f-  ;d  CD 

c  m  </) 

-I  <  o 

»-t  l-H  z 

2  t/i  & 

o  -^ 

(/I  -^ 


_       —       -.       c> 


-.         o         —         — 


I 

0 

(- 

110 

II  0 

II  • 

(/)0 

-17^ 

^  — 

XX 

r)» 

2 

o» 

x: 

00 

I  — 

z 

-II> 

-< 

I/) 

-trn 

0 

m 

mxi 

-\?D 

z 

o-» 

OI> 

a 

z 

i:-< 

i-t 

!• 

z 

r> 

ni 

■D 

• 

j> 

z 

t* 

Z 

iicr 

11 

II  -1 

II  i> 

11  <: 

II   t-4 

:rxj 

-IC^ 

-<to 

-H 

h-< 

0 

rn(/i 

0 

e». 

t/) 

crt 

X 

zx 

r<n 

f- 

• 

X 

IN  — 

3» 

1- 

•-' 

• 

1-1  O      -<(/) 


m— *     m         —I 


-IP' 
O 


no 
o^ 
o» 
o 


z 


I 


CO 


0  O)  _i  _J 

1  o  or 

t-  .m        uj  o 


in 


li.«»  —  Z_1_)_ICDCC-JU. 


UJO 

h^ 

-J 

•  u. 

HZ) 

<i 

*— 

CD 

3 

• 

4i. 

U)  uj 

<J 

XO 

C/l 

«h 

XH-D 

•  _l 

• 

—» 

UJ 

x<a 

f— 

>- 

•  a 

ou. 

-I 

«a 

l-O 

1/1 II 

<I  II 

q:  II 

►-  II 

U. 

dX 

Tt. 

UJ 

21- 

uA 

_i 

h-t 

LJ 

C_) 

X  3 

•  O 

z. 

UJii 

U)<I 

>-l 

o 

-I 

uta. 

•  Ijj 

U)(D 

UJC/O 

:ic3 

II 

CL  II 

UJ   II 

UJI- 

ruj 
«ii 
zi- 

M  c/1        I/)                                                                                                         r 

on  kj          1-1                                                                                                                                                     3 

*-4UJ  (/>                                 on         l/>                                                         t                                                                    UJ 

U.<  3                                       -z.           ■Z  (/IZJ                                                                                Q^l/li-i 

Mi/i  »—                                       (/ih-it/iujuj  (-H^-                                       <ir5:;T»-* 

»-uj  <i                                          :D_j»-t                   i-it-i  cf                   «a3:                               >-<                    q,uj7"X 

Zm  _i                                          _ioi/i                    zzy)  h-                    _io                    <_i                    o.'i-ot-i:*-' 

UIU  3                             (/)                             _IU.Z                             l-ll-HM  </)                             OO                             OO                             SUt-nUCi 

*-'UJ  T                              -5             (/I             111            l-l             III                             _J             _J             O  UJ                             UJ             ■^                             l-l             li.                              O              lil             -J             T             n             Ul 

ciQ.  t-                   i-inofyi-                  ooz  ar                  (5        0                  i-i-i                  o_idv>-':i 

(/i</i  <i                   tn(vi/ittr<r                  (ycfa  ly                  z_i                  oi-                   cracjtjuuj 


1/1     «zz____ 

2    woooooo 


0^ 


OOLDOOl—    »—»—»—     I/IOOI-I—     I—     -J—l—tO^^^^-'-^ 
ZOOOOOOUJUJUJuj33l/l(/l(/1'«I«a'3'-ii-i'-">-'>-'>-''-' 

ujaaaaa    a.:>>=>:»_i_ioooi-i->--i-i-'-i-':^-^ 

(/)O00O001-l->-l-33IIXZZZ0O0000O 

Z*JO0O0033:30CDCD0OO«jaJujU-U.U-U.U-U-U- 

x<ict<3<3<i         <ci<i<a>ai-ii-ii-i>-ii-ii-«t-i>-"i-">-''-<'-'^-'^" 

ro  ^  J-  ro  ro  (\j  '%J 

O  Z)  X  z  o 

<I«n'33UJO<3CDUjar>aU._li:Q^UJ"0' 


Q.Q 

Q. 

O 

13 

►H 

»-( 

t/1 

«I 

O 

X 

r 

l/IO 

O 

Q^ 

K 

or 

a: 

70  70  70 

7^  M  I 

HI  Z  -< 


-n        -n 
c        ;o 


OT) 

OT) 


— ( 

-* 

-4 
70 

—4 

;^ 

— t 

-4 
?3 

—I 

-1 

-1 

—1 

— * 

-4 

—4 

-< 

— 1 

70 

—1 

-1 

—4 

-4 

-4 

-r\ 

-n 

-n 

-n 

-n 

-n 

-p 

■n 

-n 

-ri 

-n 

-n 

-n 

-n 

-n 

■n 

■n 

-n 

-n 

-n 

-n 

■n 

-n 

-n 

-n 

-n 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

r- 

n 

r- 

r- 

f- 

r— 

r" 

r- 

n 

(- 

t-H 

t-4 

i- 
t— 1 

i- 

r- 

r- 

r- 

1- 

1- 

(- 

t-H 

r- 

I-         (-         r- 


m        ^        M 


i-i  tn        t>  /<j 

"n  n        At  i-t 

o  >-i        z  a 

I-  i>  c 

1-1  -4  1 

c  e 


t-4  O  hH  — 4  r-»  /4J 


I/)  I/) 

mi-4 
om 

4-4Z 

m- 

l/)t-4 

-n 

mw 


ma: 
-4m 


TJ  PI 

1-4        ;c 
T>  >-i 


• 

c 

X 

» 

II 

II   -4 

II  o 

II  -4 

mi 

I--4 

-40 

?;(/) 

r-o 

o« 

■SL-n 

»-H« 

30 

z 

M* 

z 

mrn 

o 

z— 

CI 

X)T) 

00 

(/) 

o 

O 

x 

o 

c 

• 

i_i 

• 

1-1 

II  Xi 

II  z 

II  m 

II  *• 

II  -4 

II 

II  r 

II 

II  z 

I-l 

• 

im 

!• 

1-4 

"DO 

i/i 

oo 

t»rTi 

BZ 

t> 

o» 

<-r- 

—4 

Of- 

■<70 

zm 

i- 

(- 

<n 

-n« 

;d 

!-• 

-4  -4  T) 


Z             t/»  X 

C         n  o 

II  —1  HO  II  f- 

i— I  LO— 4  Ol/l 

o«  <TX  om 

o  o«  c 

(-  ?r  CD 


O            |—  CD  1/1 

m        t-1  m  o 

II  C/1        II  Z  II  Z  II  I 

<:     oo  "n-<  i—;d 

•       c-i-  ox  om 

T3»  o«  :EtD 

—4  • 

O  X  I 


* 


s 


OC  O  UJ             CL                                             >-l            I.             li 

•q:                             >  cnz  LuO"                             _i^_) 

VUJ                                              O  LlJ<I  ^_<l/l                       _(I-1_J_I 

0>                    ct-1  :>        ui  a        u        m               _)a._i>-' 

O                           OQ.  OQ;  I-103001- 


^  II 


i-a 

xo 

•  Lt 

i/)a 

0Ot-< 

UIO 

q:  II 

u:  II 

1-  II 

J 

3 

•a 

I        —        — 


a;  3 

0,  _l 

o-  o 


O  1-1 


z        -•        >- 


1/11-1- 


3r>=)333:3:D=)3r)Z>33D3ri:5:xx>-. 
_l_l_l_l_J_l_l_)_)_l_l_l_J_l-J_l>-l'-'-<'-'l-'< 

OOOOOOOOOOOOOOOO-J-J-J-'-''^ 
U-a.U.U.U-U.Ll_Li.Ll.U_Li.  u_U.Li-tLU--J— '-'—'-'  ^' 

«  -'2 

<i-ii-i3_i_j_)QfQr^Lij3xa'<JO-ix^iij>-ii-> 


0) 


o 


c 

c 

c 

;c 

K) 

;d 

to 

;d 

;d 

o 

O 

o 

1/1 

70 

;^ 

1- 

(— 

n 

w  i-i  C 


0(/) 


to 

C 

m 

C 

CI 

r- 

m 

C1 

-i 

9 

> 

M 

r 

M 

M 

to 

M 

I— I  hH  t-H  t-*  t-l  -^ 

O         O         o         O         O         ni 

t-t  (-H  l-(  H  l-l  Z 


LU 

to  1/1 

^-^ 

-on 

-n 

mM 

r- 

OfT 

o 

>HZ 

X 

m- 

c 

tOH 

t1 

-r 

mt- 

■DC 

M 

^2 

IB 

mat 

t-1        m        r- 
1-1        X)        1-1 


(I  r) 

On 


»:  ?         r>  ~  -.        —        r 

i>  c        •-<  i:  ?        i>        • 

II  —(  11-4  II  -<  II  &        II  cr        II  hi        II 

r-oo  i-i  i/)«  _(_(-( 


M        a        >-i 


0> 


•H                             ^             <3             <3                                              <  t£.             ILl       UJCr  VI       ♦- 

Q^                             <l»-Ht-H2                              >  t-t             •>       OUJ  UJ             _)       •-* 

ui                 'i-i        oi         a:        <i  —        ^>  ar<»x 

<                      Uj_J_JiY                       <=>  'aoo  CD» 

>                     ^-_J           <I            «I           LaJ                           <  LjJt-4            Z        -o  UJ           <I       — i 

<j         >          ;>         _i                     -I  zq;         «     Q;Z  _j         >-< 

2                           «t                •>                           «i                  <  Lu        OUJ        >    a.«i  _j        z      • 

<a                             i-it-ZQ:>''^  V        uj=>               o>  UJ        n-     o 

>-4                                         Ol                          UI           Cr            UJ                                           I  o           <-)0            -&       X-  J-            o 

^  ►-OOUJ^UJU.-^ 

m  •                    UJ         cjo         -I     ■—>-  ►"!            wi        >-i     Q: 

_                               .           _                               i:  _)          •         m            z     uj_i      'i-i  z            _i     o-i     uj 

ao                    •(-!        -UJ        •(_»       •*-!      Lc            •<!  UJ          _i                        •«a      Zuj     :^  I  u              d      z-a      —I 

bjo                ►-UJ     —IX     az(/i     ot/)     UJ         _i_i  >         on         o         —         a::>     uj>-     03  _i            u-     <tu     —* 

Q.  II          II      »- II      —III      Oil      z  II      a.  II      -III  4  11     i-i  i<      z  II       •  11      a:  II      oj  ii     on  —in          ii      or  h      uj  ii 

>-ia:oi-«-ioQ;i'=i  >  z^        i- 


X-l 

UJ 

—1 

•a 

UJCD 

»— 

3 

^ 

k-i 

C/1 

o 

1- 

•  (_! 

•  UJ 

•  o 

•  1-4 

>-UJ 

-IZ 

CC(/5 

OlyO 

•-  II 

-III 

O  II 

Z  II 

3  O 


ruj 
zi- 
oa 

MUJ 


Zi-i  ooi-i  z        i^        z        2  a.        t-        >- 

uio  — i_im<ic/iujujujuj  o«a(/) 


M        ►-.        -J 


1-1  1-1  T 


oooi-i-'-*-'-'"*' 

OOCJ«3'3«3<t<<lX 

zrztt'aora.a^'i-ar 


•UJ  Q^  d  (/I         or  o 

O-O  ujoooi-iooo>-ii-iuJCL«aooo 

Q.O  _j<iaooujot/);/ic/i-i<ioo_iz 


to 

00 


o        I 
i-l         o 


ox 


O  XI 


73  X 

o        o 
z       z 


m 

m 

;« 

;o 

Ol 

CD 

»» 

> 

i/i 

l/l 

o 

o 

c 

c 

to  (-1  -^ 


►H  Tl  A 


O  1-1  1-1 


-n        -n        -I 


-H 

OD 

I 

1— 

J» 

J> 

(/)(/ 

-0 

-1 

DC 

(/) 

-1 

I'lK 

c 

e> 

cin 

</) 

X) 

>-t2 

»-i 

m- 

£> 

mt-i 

TIC 

1-1 

II 

I-        X        -^        r- 


o 
II  I 
»z: 

-im 
mi-i 
xiz 


o 

1^1/1 

1— 

E>z: 

t-O 

mc 

zw 

OI 

e»i> 

«- 

(-<r 

-ni 

<f- 

or- 

r- 

mo 

-t 

(<o» 

-!• 

t/)» 

■D 

zv 

to  CD 

n-.z 
oi 
m 


M 

m! 


1  s 
o  m 
z 


QC 

Z 

> 

>- 

Ul 

Z 

I 

■a 

•  X. 

<I 

ct 

X 

O 

q:x 

:i<a 

H 

l-t 

o 

t~ 

oo 

OJ 

ct 

■z 

1— 

LU 

1— 

Q^U. 

LJ 

q; 

UJ 

=» 

•  UJ 

C^<X 

I 

(_» 

I> 

u.:> 

UJ 

li- 

t~- 

~_1 

•^ 

HH 

Q 

Z 

•  >- 

•  ►— 

• 

UJ-J 

or 

< 

1/5Z 

H-»-4 

—1 

Z1 

*-H 

•  »-l 

t— < 

• 

I- CD 

-1 

JJO 

13 

^(J 

— -H- 

*— 

3  11 

UJ  II 

LU  II 

II 

OH 

•  II 

1— 

^ 

^ 

q; 

• 

O 

-J 

3 

>tu. 
O      ---I      —  M  Q  Z        •>-  E      UJU. 

i-H     i: 
•a     I-"-"     -I 

UJO  11       ^O       — t-       t-  Z  O       I— 1/1       —  I- 

J II      I—  II      t-  It 
(  3  O 

z        —        >-u_ii        —        zu_iz        —        ozq:_ji/ii/)        —        —        o 


>-iq;(i:>-i  o«iz  3 

zc»->  <ao3  Qi 

U-l- 

ruj 
<x 

oa 

l-HUJ  ^                                                                                       <i          <                                                                                                                                                                  t/1 

u-  o                                                                       i-ii:                                                                                                     t-it/i(/i*-i 

fc-*cA  «a«a«i«3^-t                                                 ci_jfy                                                                                                     i-<»-t»-'(/i 

l-UJ  ZZZZZ                             ■*                                              O                              OaJ                             <t                                                                                                                                 Xl/)V)Z 

ZM  <t<I<3<Q'                             UJ<I<ll-l                              U.acll—             <I                                                                                                                h-ZZUj 

,uju  ooc30o<3>—         ►-zz<i»-Honci<ico                    <<i«a<a*-ii-iiijuia 

MUJ  >-<>-li-ll-IUO^-3<IO->!/1«Ii-lOO                             C^OOCJQ'IO^*! 

ua  <va;ii-&'i->o<ic/ioz"-iCi'tyu-?'_i                   z:rirzLjv>3'a(i 

ii/)(/)  ujujujuj_i<iuQ^uj2i-'3i-i-ir)_j                   r33r)r'Vo-:?2'i/' 


o 
o 


O-D 

OX 


r-        -I        z 


>-i        r-        M        ii 


i»        t-(        t-t        »-i 


I» 

z. 

(/](/ 

< 

m 

TJC 

o 

j» 

rnt- 

<: 

-H 

on 

1-^ 

C> 

MS 

XI 

m- 

m 

i/)i- 

z 

-r' 

C/) 

-(2 

ma 

(/>         t~* 


(TV 

in 

?^ 

0 

c- 

<n 

-< 

X 

X) 

:n 

m 

0 

• 

m 

• 

0 

II  m 

II  m 

II 1- 

II  c: 

H 

II  -< 

11 

II  i: 

om 

xm 

<nr 

o<n 

3 

o« 

13 1" 

(/im 

My 

I.Z 

o» 

&(- 

X> 

t> 

*-t 

i-if- 

3m 

■nm 

0 

z» 

:x) 

;Dm 

zo 

t/ir- 

r> 

t-i 

i/i 

» 

(/) 

T^X 

-)• 

7^ 

Z) 

z 

m 

:om 

X 

z: 

0 

►-I 

XI 

rn 

-n 

-^x 

OT 

-< 

0 

00 

0 

< 

00 

< 

0 

3 

D 

0 

«r- 

t-H 

CO 

KH 

c 

e 

-< 

i-ti— t 

0 

co^ 

0 

<: 

rn 

oz 

n 

• 

1- 

<: 

l-H 

< 

r-o 

m 

<; 

m 

t-1 

0 

< 

l-H 

mr- 

-1 

m 

-( 

0 

_        —         -c        -. 


o  c 

II  :o  II  ;o 

m  zin 

m  ct 

z  -I 


X3 

i- 

CD 

^^ 

r-         0 

z 

■D 

-D 

-< 

r- 

m 

:o 

•          X 

c 

0 

II  0 

110 

II  z 

iim     II 

II  -f 

II  -1 

II  T) 

II  r- 

zcs 

i-< 

3-t 

i>iri 

l-c 

■0-1 

m 

-<(- 

o» 

i>o 

01 

i-m 

0 

i-i* 

X 

mi» 

z 

0 

o» 

mr- 

z 

0 

r-x 

-( 

t- 

(/) 

C" 

m 

2 

r-o 

l> 

0 

m 

—1 

f- 

m 

0 

z 

(/I 

X 

►-t"n 

(- 

m 

r 

J> 

7^ 

0 

I>i-i 

X 

<r> 

m 

-0 

Zt/1 

< 

;c 

<: 

-< 

z 

0 

1— 1 

< 

m 

t-i 

<I 

0 

H-* 

m 

<:  t-H* 


I 


o 

CM 


:>»  <i  »-x  O  Zei  q;.lj<iujcc  olui/i 

OH-t-4  a  l-ll/)  l/)<IUc3  Z>—  XCOOOUJ>-_J  >-iJ>-*0 

•  Z  O        LUO        UJ  >-<  Z  t-  lU        ZQ^  l-_J^  •  Z<Q:a 

1:0 
-J_> 


z 

ZUJ 

•  X 

«i 

z 

UJ«X 

^. 

UJ 

uja 

at/i 

•  or 

UJ 

5^3 

00 

UJII 

UJ  II 

(T  II 

^  II 

UJ  II 

cr  II 

q:  II 

0; 

a 

0 

0 

q; 

0 

■a 

0 

0 

►- 

X 

0 

X 

^ 

t-4 

•-z 

t— 

U) 

<IO 

•3 

0 

UJO 

UJ 

•  0 

UJ 

LTO 

•  ir 

• 

mi 

00 

0 

)-H 

»-:« 

t— 

X 

CO 

oo 

UJ 

>- 

z 

H- 

UJ 

zar 

1— 

-i 

<3 

UJ 

-i 

oi 

t«l 

0 

»-H 

•  >- 

•  -> 

-*<i 

•  1 

0 

ono 

l-x 

1-3: 

•  z 

►- J 

>-3 

LU  It 

t—  H 

*—  M 

0  II 

t—  II 

<a   II 

Hi 


ruj 
<i 
z>- 

t-IUJ 


►hLlI 
CJQ. 
(/IM 


a-        i-i       I- 


9-9  3       UJ        I        ty        z       u. 

a-O  of        (/)         t/)        I-         o        _i 

1/10  i-l  t-i  i-l  l-l  i-l  o 


i-i        ►-        i: 


I 


O 


J> 

m 

0(/) 

c 

— * 

OTJ 

t/) 

m 

O-D 

X         r- 
1-1  c 


on 


III 
ma; 


7^ 

I- 

^ii. 

r 

«« 

m 

;c 

— < 

■D 

r- 

T) 

T) 

«-. 

o 

I» 

X3 

r> 

z 

j=> 

-< 

O 

c 

• 

X) 

73 

T3 

II  o 

II  -< 

II  -< 

II  — * 

11  cr 

II  (/) 

II  o 

II  TO 

II  ;d 

II 

II  m 

II  m 

II  (T 

^»1I 

3Cl/) 

o 

HI/) 

-n-( 

—1 

CTCD 

-nx) 

31/1 

oo 

O<>0 

■noo 

o;c 

^-H 

rn« 

OJ 

m» 

O-l 

I- 

Xl» 

«• 

OT 

m* 

>r- 

t-ii- 

0(/l 

ISJ 

i> 

• 

» 

o« 

« 

I> 

m 

C 

*» 

!-• 

-D» 

2X 

K-» 

o 

^ 

a 

— 1— 

I/) 

2 

z 

-<xi 

i-i 

m 

2  — 

t> 

o 

o 

I 

(/I 

O 

-1 

Tl-I 

-n 

o 

o 

I- 

3- 

i: 

t^r 

-< 

T 

■B 

r-i 

o 

T 

zz 

I> 

r-j> 

-H 

1-1 

OI 

;c 

t> 

c 

3  l-H  t-1 


* 


n 

o 

CM 


c/> 


f 


CM 


I 


0  LU 

1  I- 


r     I. 


*-«        »-<     i_> 


QJ       l-l  l-l 

LU        I  X 

(A 

Z      _l  _l 

O 


i^     —       — 


•or 

(/I 

(/I 

• 

• 

(/I 

« 

llJ_l 

UJ<I 

^UJ 

•<1 

•  <l 

^ 

2t 

•  13 

-1 

2<I 

Zl- 

l-HC/l 

(-(/I 

t-i/n 

a 

O 

ZO 

o 

ujo. 

13 

OH 

*—  M 

>-  II 

LUII 

U  II 

0^  II 

Z  II 

Ui  II 

UJ  II 

lu 

3 

3 

U. 

I 

UJ 

t-l 

ac 

o 

Z 

Z 

Z 

** 

^ 

u. 

_l 

o 

^ 

•»■ 

Nl 

2: 

isj 

z 

< 

•ISJ 

_IZ 

•a 

Z 

z 

■a 

X 

(/1Z 

u. 

a< 

•  >- 

u. 

h— 

< 

Uj 

<x 

s: 

Jj< 

<I 

zx 

oa 

«j 

hn 

H 

h- 

i: 

t- 

h-iX 

UJ 

H^ 

znr 

■jj 

2: 

o: 

^ 

« 

2 

^ 

-J>- 

UJUJ 

-1 

<3 

> 

o 

>- 

o 

2. 

>- 

z 

-1 

aw 

UJ 

rvi 

a 

z 

a; 

X 

UJ 

— q; 

UJ 

^_J 

CLOl 

1— 

•  z 

•«a 

-I 

»-« 

X 

z 

•  CK 

UJUJ 

lO 

iA<3 

t-i 

met 

JCO 

UJ 

q:<i 

>-o 

►-* 

_ICI 

^uc 

VJO 

UJ 

>-x 

zx: 

H-X 

•o 

UJI 

a-o 

>-a 

-lO. 

ujo 

as 

—  m 

orj 

4  II 

l/)ll 

Z  II 

a  II 

nr.  II 

•a  II 

OH 

UJ  II 

->  II 

•  II 

q:  m 

O 

•» 

o 

t-H 

<i 

a 

QJ 

oc 

a 

_) 

t 

«t 

UJ 

X 

a. 

a. 

o 

— ' 

o 

-^ 

** 

Q. 

^       z 

O  l-l 


CUJ 

HUJ 


-UJ 
JO 


LO 
LO 
10 


l-l         o 

o       o 
en       or 


C/1 

I/) 

^_i 

|_4 

»H 

f-< 

K-H 

o 

o 

X 

X 

X 

X 

X 

*- 

u, 

Uj 

UJ 

UJ 

UJ 

o 

o 

1— 

1— 

1— 

t— 

or 

T^ 

y: 

X 

di 

•^ 

-tr 

•a 

<S 

■a 

<I 

1 

4 

4 

r 

1 

z 

»- 

> 

(^ 

UJ 

Qi: 

or 

or 

ly 

o 

:> 

f- 

4 

4 

4 

4 

a 

o' 

a: 

a: 

Of 

Q? 

ar 

O 


1-1         1-1         >-i         o 

-on  I 


-< 

^ 

;c 

X 

XI 

;o 

;c 

;^ 

;c 

X) 

;d 

73 

-H 

-( 

-1 

-( 

-< 

—1 

I/) 

;c 

-D 

z 

1-1 

;d 

x 

;?3 

;c 

;d 

x> 

-0 

t-i 

»> 

o 

■D 

X 

< 

-< 

I/) 

PD 

;c 

ot 

O 

o 

o- 

J» 

£> 

0-) 

XI  XI  -t  -1  -t 

1-1         1-1         m         m         m 
X  -D  jE  3  X 


-4  -1  C/) 


-«  -I  o 


l/Jl 
-ot 
fit 
or 


C/>  H-l  1-1 


i:         —         —        (- 


^1-1         i» 


II  o 


o 

t-T3 

mm 

3 


II  c 
ot/i 

CI 

XJ  — 

r 
n^ 

ZCl 


M  O 

II  m 

11 -t 

-IfD 

i:-i 

lO 

T» 

-tr- 

OOD 

XI 

om 

c» 

m 

2 

2— 

m 

1-1 

-4 

■H 

■P- 

I>CE 

1-1 

<r> 

t-im 

T 

T-m 

OJ 

— 1 

(/I 

IH 

CDI- 

I> 

o 

i-im 

c/im 

CZX) 

ODI 
&0 


C  -l-( 


II  <r 

II  f 

i( 

11  c/> 

II  (- 

It  ^ 

II  X 

II   X 

II  X 

L0-( 

ox 

OIZ 

ni-1 

-nr- 

^m 

LOl/) 

03  r> 

L/)tO 

— 1— * 

i:m 

r-m 

t>rn 

xai 

rix 

l-lX 

o-< 

1-iX 

1-1» 

-<^ 

j>r- 

x^ 

i-i» 

ei 

r- 

l~«- 

r- 

-n  — 

xcn 

Ol/l 

r-I 

2 

z« 

<; 

I» 

<c 

Tl 

m 

A» 

-<• 

c-i 

-H 

m 

zs: 

m 

<D 

mo 

«^ 

m 

E> 

:n 

nt> 

XI 

(/)x; 

X) 

I/) 

r- 

o 

1-1 

mx 

■e>T. 

(/lO 

I» 

oc^ 

Z 

(/> 

xo 

</■ 

(n-< 

fZ 

O 

5-m 

i/i 

E> 

t> 

m 

oo 

m 

m 

& 

t/l 

O 

01 

o 

Ol 

m« 

CD 

i/)-i 

en 

K-4 

m 

►H 

m 

XI 

CE 

X 

i>r- 

m 

r— 

CD 

f- 

o 

c 

X 

c 

<nm 

CO 

< 

X 

•c 

X 

rv 
S 


-I      Z  O  -I 

-J      2                >  O  •             •! 

O      ^-4               _J  1  _l           (JO 

1^-1  X  IQr 


M  <_) 


o 

4 

^ 

>- 

Q. 

CD 

» 

xin 

t-H 

LU 

o 

O 

i/i 

r 

UJ 

-J 

_J 

^« 

Vl 

»»>- 

LU 

(/I 

i: 

ujo 

•  lU 

•  O 

_) 

—  _l 

• 

ZlA) 

•q; 

ICX 

I«» 

■3 

z>- 

_io: 

xo 

UJ 

♦  <I 

w> 

CJ«l 

U>UJ 

(/lO 

c/)0 

q; 

UJQ. 

oo 

ICD 

z 

11 

Q. 

OO 

ZI 

a:  II 

Q^  II 

CD  II 

LJ  M 

Zll 

OH 

on 

O  II 

LLl    II 

II 

O  II 

3 

3 

4 

0^ 

i~t 

M 

X 

X 

-> 

« 

cc 

a. 

a. 

-• 

o 

~i 

z 

a 

02 

z 

•  r 

Ow 

•  >-l 

z 

X 

_ll 

»-4 

•  0 

00 

Q. 

•a 

=> 

<a 

z 

o«j 

^ 

_UJ 

a: 

z 

•  0 

— 'k; 

>-i 

_i_i 

•  UJ 

UJX 

00 

_ii-i 

3:0 

30 

_IC/) 

3  11 

oil 

UJ  N 

-1 

0 

^ 

hH 

33 

3 

<I 

i: 

0 

•a 

■£.0. 

a 

0 

UJ 

J 

t- 

cr 

00 

I 

^- 

•  m 

z 

—5^ 

•  ct 

d 

1/1 

X  jj 

0 

•0 

<3UJ 

•  3 

0 

03 

•  0 

vo 

UJ 

XO 

XUJ 

I>0-J 

-II. 

oc 

cjO 

>-(/> 

c/ior 

I  a 

_i  n 

0  II 

M 

Z  II 

or  II 

0  II 

UJ 

X 

• 

LLl 

3 

i/> 

0;  l-l  t-l  M 

4  -I  Q.  U 

>  -I  O  < 

•I  z  a: 

X  M  10 


ICIU 


90. 
■lUI 


III  »-t  UJ 

O-        2:        a 

»-i  3  UJ 


c/i  1/1  to 

aj           uJ          a.  Q.  Q. 

O.           Q.           O  O  O 

O           O          2  Z  Z 


w 

UJ 

Q 

0 

0 

UJ 

\-t 

0 

oc 

4 

z 

a. 

0 

Ul 

UJ 

UJ 

Mi 

CO 

m 

cs 

CD 

o 

00 


o 

o 

I 

I 

;d 

c 

-< 

2 

i/i 

O 

OTJ 
OTJ 


o 

o 

o 

I 

X 

I 

^ 

;^ 

/O 

■< 

-< 

-e 

(/) 

i/i 

m 

o 

o 

o 

X  1-1 

-<  2 

I/)  » 

0  TJ 

•H  I 

1  >-l 


o  o  o 
a.  I  X 
i-i       i-i        i> 


;d 

?B 

;o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

I>        >-l        1-1 


1-1        l-t         t" 


>-i  HI  ni 


— 1  t-H  1-1  1-*  CI 


C/1  1-1  1-1  1-1 


T3C 

OP 


^fc 

^^ 

O 

^^ 

O 

,1^ 

.^ 

CI 

I 

X> 

-D 

XI 

I> 

z 

II  ;d 

II  o 

M  O 

II  E> 

n  o 

II  • 

lie: 

-«m 

no 

oz 

;or- 

z 

— 1 

:Drn 

;c^ 

Tnn 

(=(- 

o 

z 

— 1 

cz 

m* 

&• 

CD» 

• 

m 

• 

on 

m— 

-< 

CD  — 

f- 

•^ 

7v  — 

z 

mcD 

i^ 

rr 

^ 

XI 

XI  XI 

• 

XI 

mc_ 

;De 

E- 

M 

*- 

-< 

m 

i>— 1 

CD 

PD-( 

o 

<n-a 

CD-t 

CD 

&• 

o 

a 

X)(/) 

CD» 

HH 

CD 

XI 

• 

—  —  X  — 


—      CD—       CD 


M  •< 

II  • 

II  • 

II  X) 

no 

XD 

o  — 

:i 

xw 

OX) 

mcD 

o 

mro 

XJX 

mx) 

l/5» 

3CD 

ZXJ 

1-1 

i/)« 

— 1  — 

!& 

rsj* 

z 

m— 

m 

OXJ 

I-I'— 

o 

X) 

xim 

Z-l 

m 

rn 

-13 

zr- 

• 

(/)(/) 

C/1 

t> 

i> 

-D 

T) 

1 

l/iv 

-DJ^ 

X) 

■DXJ 

-C3 

Hl-l 

xim 

I-I 

XI  rn 

KH 

mz 

I-I 

z 

1-<Z 

z 

m* 

■z 

o 

zc 

m 

-H 

o 

m 

o« 

II   XI         II  Tl         11-4 


II  — « 

II  -< 

7^ 

O-l 

CDO 

% 

(-• 

MCD 

X) 

o» 

(/I 

r- 

r-  — 

O 

f- 

rn 

I 

m 

I>C_ 

z 

J> 

■nm 

m 

"n 

T) 

1-1 

31/) 

o 

X 

o« 

II  c 

zi- 

z 
cam 

TIX 

c 
c/ix 

lO 

o 


o 

CM 


I 


UJ 

l/0«I 

m 

4 

^ 

o 

Ul 

Q-Or 

CD 

q: 

n 

•  » 

a 

oc 

UJ 

<i 

cc 

(/) 

hH 

• 

UJO 

-JZ 

a- 

z 

m 

o 

I 

> 

(J 

z 

OJ 

• 

lij 

<x 

Z 

</) 

Ulli. 

— .UJ 

lAZ 

lij 

•a 

i: 

3 

•  •- 

CO 

uJ<a 

•  i 

0.M 

_<a: 

»- 

«a 

H 

u-, 

OClLl 

1-U 

LUUJ 

_IO 

i-yi 

I 

^^ 

• 

o_i 

<i 

->u. 

<. 

J<a 

t- 

a:: 

^ 

fr- 

LlJ 

UJ>- 

o 

i-j 

Z_l 

o 

UJ 

•a 

— o 

z 

«^ 

_i 

—o 

o 

Q. 

r 

n 

•  z 

•  I 

•  z 

—  <t 

•  3 

« 

a. 

UJ 

• 

►-«a 

oo 

l-O 

>-». 

>iO 

•  _l 

•  o 

_i 

t- 

►-_! 

Q 

l-_l 

i(n 

oo 

oo 

(JO 

o 

►- 

>■ 

o  II 

•  II 

3  II 

a:  II 

oil 

ZM 

Z  II 

II 

->    II 

<l 

z 

o 

z 

o 

I 

o 

o 

• 

z 

a: 

** 

*^ 

*^ 

•«• 

** 

m 

CD 

-1 

•^ 

o 

o 

o 

z 

I 

z 

a 

o 

o 

o 

o 

o 

•  2 

z 

o 

• 

o 

o 

OO 

o 

Q 

_i 

a 

z 

o 

o 

IS 

(JO 

Q 

a. 

• 

Q- 

o 

UJ 

<J 

uj 

D 

•  o 

z 

t-H 

t-^ 

»— »-< 

u: 

(/I 

*«. 

1/1 

^ 

u. 

UJ 

o 

• 

O 

TC 

XM 

1— 

1 

o 

t 

•  o 

UJO 

CO 

•  a 

•  a 

let 

<i 

UJ 

XUJ 

u 

XUJ 

»-m 

•o 

•  z 

la: 

lor 

Z  II 

oil 

» II 

O  II 

•  II 

U  II 

or  or 
•a  (J 
iu. 


•  <3  •           • 

_J_J  _J             h- 

ir  II  ;^  II      3  M 

1-1  i-H         ;^ 


3  3 

CK  _l 

UJ  »-i 

CD  X. 

3  3 

o.  a 


I'lU 

:x 

■:.*- 

M 

(/I 

liQ. 

^ 

lUJ 

or 

o 

!(/» 

-J 

UJ 

u. 

■M 

M 

O 

o 

ill 

l-l 

a. 

o 

►-•        l-l         <I 


Ul 

X 

p 

z 

Ui 
19 


3 

3 

3 

3 

3 

3 

_i 

-1 

-I 

Z 

Z 

Z 

Z 

^ 

Z 

> 

>■ 

>- 

ttT 

q; 

IX 

Q^ 

Q^ 

or 

q; 

X 

or 

3 

o 

o 

O 

3 

o 

o 

3 

o 

►-►->-> 


o 


o 

D 

-n 

J» 

I> 

Xi 

CD 

XJ 

o 

c 

;o 

d 

<n 

-n 

& 

t> 

XJ 

^ 

70 

£> 

70 

TO 

X 

Tl 

-n 

-n 

Tl 

■n 

m 

m 

m 

m 

m 

m 

m 

;^ 

■JO 

o 

O 

o 

c 

c 

c 

c 

PO 

;o 

3 

CD 

•a 

10 

trt 

;c 

f- 

;o 

o 

o 

o 

1-4 

Z 

I-* 

Z 

•H 

■D 

to 

t> 

o 

o 

z 

& 

O 

n 

M  M  (/) 


3  1-1  1-t 


o 

o 

o 

o 

o 

-< 

-< 

^ 

XI 

X) 

0(/l 

(/) 

3 

-H 

70 

3 

OTD 

o 

o 

1-1 

t-1 

O 

o 

o 

o 

o 

o 

-< 

-< 

-< 

;o 

7: 

>        -(        -I        -1 


-H  O 

1-1        r— 


i/ic/) 

TIO 

HIM 
on 
i-iz 
m- 
u)i-i 
-n 
niM 
■no 


-<z' 
xj>; 
ma 


n  c 

II  — « 

toci 

o-t 

►-tr- 

:o« 

z  o 

c  & 

M  -)  II  < 

-I  CD" 


^  —  Cl  ^ 


11  m 

II  c: 

II  t> 

II  -1 

M 

II  • 

11  z 

II 

om 

OX) 

arz 

x-t 

m 

o 

-<-i 

CD 

TIZ 

0(/1 

i-tf/) 

m« 

r- 

fen 

mi 

f— 

mrn 

31 

z« 

I/) 

o 

l- 

xi« 

> 

J> 

3  — 

—i 

-<m 

z 

i->r> 

en 

o 

1/) 

O 

rn 

mx 

-< 

"n* 

& 

X 

"Ti 

Z"I 

30 

:J3 

-r 

o  — 

1/) 

CD 

o 

-n 

z-t 

c 

70 

j> 

o 

c 

iro 

& 

o 

i/i 

•Z-* 

z 

T) 

I/O 

l-H* 

-< 

i:;o 

■•• 

i-iO 

-1 

O 

X 

z 

t>;D 

BX) 

E> 

E 

-t 

!• 

z 

;d 

CD 

m 

o 

j= 

-<■  • 

m 

» 

o 

X 

m 

XI 

■n 

o 

TO 

XJ 

II  o 
z« 


r> 

oi- 

m 

-iH^ 

> 

CiT 

o 

XX 

z 

cr 

CD 

CM 


t/1         c/)         uj  mx         »-*                   (/)        uj         uj       •  •Q-         Q     »— <i  zi         o     or         >-         >-<i 

a^  3            i                   3        ct        a:     o  oo        oj    i-ii  o;        o    a'        <        ioj 

li.         ►-         o       •  >-z                               m         u         o  uj     oi         uj     Qfoi  CE                o         or         orx 

•a         ^         dc     _i  Q^a:         ^                    uj                           ••oz..£cc  >-o^t-o  ou 

ujoujx  iuo_ji/i>->-z  <a>iui  i-iz                              -I 

_i        i:        t-     o  — >-        o        <a        <i        z        z     I  I/)     — z         2^     —o  cd        uj     —        —        ~o 

XLuzi:  •(/iuj_iiiji-"Mo  a«>-<<i     lo  cd        uj      •         •         'Z 

•o       "Q:         h  xui         CK      x<i         q:         u.         u.     -)  -o     itu.          z     ooa  <I         Of     ►-         t- 

t/lOJ       QfU.  1 

a.  II     cK  II         II 

UJ  o  • 

-)             K-             _l             —  —             U 


XUJ 

(£ 

X<1 

a 

U. 

•ai 

>-o 

Mt/5 

>-o 

>-l/0 

IX  H 

<l  II 

(X  II 

«I  M 

<3  II 

o 

OL 

3 

Ct 

ac 

<i 

X. 

Ixi 

i-lX 

cj: 

Xl/l 

n 

«53 

u. 

i-e 

lA 

i: 

■^ 

—  <i 

•  O 

lUJ 

1.0 

vjLi: 

i-ior 

fXO 

X  II 

Z3  II 

<i 

a 

X 

(X 

<  «S  UJ  UJ 

K  1-1  (/)  U. 

W  _l  Z  >-" 

MO  U;  -I 

K  U.  O  3 

«  M  <        a 

X  >  1-1 

3  UJ  I- 

m  z        lo 


:uj 


'4UJ 


•M 


UJ 


>  »  i:  a       1-1 

<I  «l  UJ  c/i  X 

_i  -I  or  1-1       n 

U.  U.  U.  XX 


^  -Z.  ■Z.  2 

o        o        o        o 
,  _i        _i        _/        _i  •!        <a        c/i 

152  ^'a^"!*!*!*!*!*!  1-11-13 

«  cttxaccaujujuju-  uiuja 

ui  aJujujaiujacLaa.  XttT's 

«  <i«i«iiiiiioooo«a-3-ircxa 

>>->-»-l-h-»-t-l/ll/lt/)(/)l-ll-iUJUJO 

aaiX_i_i_i_)_)i/)i/ii/ic/i>->-(-i»-i_i 

Q^«Q:'333330000<J<I>-i-<1 

OJ 

IJljCOh-  t/IZCfll-IUjO 

H  -J-J'V_<tH3>It/1UJUJUJ>-Q.>-i<I-' 

P  ll.U.U.Z>XXO(/)OZZZ«i(/1>-C/'Q. 

[J  <<»<I«<I<I<I<IJ_l_l_l(X0f33< 


t-immn^,  iTirnmpimmB>j»r»i>ccccc: 
oocTD'DCiriodcjr-i-Tar—  loooz 
ci>oc-i;c(-f-f~cmiosocooi-i 

I/)         O         O         no         2         11         i-l         v.    o         "O 


i-t    i-i    n 


I   &   t>  "0   T)  ;o 

o   o   n  (/)(/)  c 


Z      M      M 


o 

• 

-< 

II  ;d 

II 

II  o 

cd;^ 

(-0 

cn;o 

!—• 

mo 

:oxi 

I> 

cz 

&• 

O 

o» 

2  — 

?^ 

o 

¥-t 

r- 

—4 

-IT- 

E> 

X 

mc 

oz-«zr-  —  ^Ei-2T3(-r-r-i^         —         ~         — 

mcrtjcz*  xrnj>«  oi>»          •          •  mrixxcr 

MO      M-H      II  ►-<  II -H  II          II  m  MX      M  z      II          II  m      III-      M          II          II  III-      K  ;o  no  MO      II  ;d 

t~m     x-t     o-o  X -I  I-        oz  :^a     ui<n     t^  z     2r     o        o  i-     cini  co  cuo         m 

i>^     m»       om  m»  m         jjn  t*»       o»       &  o     o«       o         o  m      i— m  c~7^  C"  t;         m 

tL         CO        r~  X3  u}  o        mm  r*oi-  iC3::i  xi     t>z  i^i«  l/i»          z 

■Xl           -I           C—  -H  C           O:^  i                          2                           2            3           3  Z3  X—  X—            i 

r>        m         X  m  3        ooo  t-i         ^         n                    -i        o        o  r)«                                • 

o         T         CDO  X  ^«  o        r>         ■&                    E>         7»         z  c**  ■:dx  "ct         *- 

o         2         »-i»  z  —  "D         |—         *•                     »-■  f—  om  om 

^                    »  ^c''"t                               ;'c_c_  t-o  or-  or-         i- 

-II-             I-  r-  j>;d  h         >-i         r-                                 c         C  Z!«  xr-  Ai-          i> 

m        m        !—•  m  i-m  i/i         »         t>                    o         z         z  c/im  com         -< 

*>        o        m  o  XX  c                   OHM  Aji-  x);o  ■ci;^3        • 

f"           C            ox  C  I-IO  Z>                           X            T)           T)  O-  HH  >-i 

1^        X        Cm  X  o«  m                   xmm  o;d;d 

o                  x-i  -o  r-                   o        ^        ;c  :^t  m  m 

(~                                           O  (yO                                                                                                  ^  tylH  t,  t» 

X                       -r  M  -D-. 

O  (/)                                                                       C_  i-(0 

•                                                                                                                  C  XT 

7  mr> 


CO 
CM 


■^ 

—it 

« 

•« 

o 

>ao 

z 

z 

uj-a 

U3«l 

x:i- 

1- 

3  11 

•  II 

-J 

X 

CO 

** 

CD  >-  oa  L 

I—  t  UJ  - 

ui  — .t-  c 

U  D  It/l  C 

z  auj  inui  •: 

(/I  Ztt"  Qfl  _JC 

II  Q;  II  3  II  -J  I 

•  uj  a.  uj 

J  u.  —  ^ 


^^ 

UJ 

UJO 

Uj 

a 

0:3 

UJ 

a. 

=1 

UJ 

UJ 

u-on 

UJ 

a 

<2 

UJ 

a. 

_J 

-1 

uiv 

_l 

>a 

q: 

a. 

o 

ti 

u. 

LU 

it 

ar 

O 

•a 

>- 

a 

a 

xz 

o 

• 

o 

V 

Q^ 

_i 

CI 

•a 

UJO 

3 

i/T 

UJ 

• 

>- 

_i 

O 

_j 

I 

</n 

o 

o 

-I 

—1 

>- 

o 

CD 

tE 

I/) 

>- 

U3 

z 

(-1 

iu 

_j 

o 

—J 

I 

< 

a 

^>- 

LU 

< 

UJ 

CL 

o 

I 

_J 

Q' 

Q- 

zq: 

z 

• 

ti: 

z 

*I 

i 

o 

o 

LJ 

O 

«iQr 

o 

q; 

o 

X 

a: 

UJ 

X 

z 

CQuJ 

X 

<_) 

o 

z 

LJ 

1-4 

•  * 

z 

CD 

•i^ 

UJ 

l/l 

>- 

<_> 

<t 

>- 

3. 

UJ 

•  CJ 

• 

—  Ckr 

X 

» 

O 

_i 

o 

O 

X 

-Ll 

_1 

xo 

o 

•  «i 

<I 

X 

« 

A 

—1 

UJ 

in 

o 

Z!jJ 

a 

UJLJ 

i-i 

XLU 

•  ^ 

X 

•  UI 

• 

•  o 

•  q: 

•  •a 

UJ>- 

!_)a: 

•  u. 

<_)tr 

Ui 

om 

1/13 

o 

t-o 

u. 

1-  I 

l-O 

l-O 

QQ. 

uo 

_i< 

n;o 

z 

•->  II 

t—  II 

l-l  11 

*—  II 

4  II 

1—  II 

»-  II 

1-  II 

an 

II 

-1 11 

11 

X  II 

a 

< 

X 

3 

a 

3 

3 

3 

UJ 

• 

1-1 

• 

o 

Zl-i 

uo 


t-i        o         "^        o         (/I        i-i         i-i         _j         III         r>  ll  u          o         .1 

Qri-i-5i_i3aaoT_j  i-i  i-(>i-. 

3_IZOa'(0(/12»«I-J  X  31VT- 

•ai-<Oi-i*—        i-ii-iz^"i~i  LJ  0111)3 

LJOOCJUJXXt-i3>  a  <IZCL 


</1        l/l 

</)  3  3 

3  Q.        a 


t-1  1-1  o 


•u 

o 

LQ 

I 

UJ 

LO 

1- 

o 

/)0 

1-1 

1-4 

UlUJUIUJUJUJUJUJUJUJuJUJCiiQ^l-ll-l'-ll"!^^ 
U<-)000000000033Z2ZZZt/)t/l 

»_4l-14-4l-l»-4|-|l-ll-ll-|»-ll-ll-l_J-j0000033 

2ZZZZZZZZZZZOOXXIII-'-' 

_i-i_j-j_i_)_>_ij_(_i-j5rxxxxxxr3: 

fO  M  (M  ,„  '^ 

O  O  >  3  Z  ^ 

M<«li-iOi-lt-i-4»-iZI-l-i-JOOcyuJ3UJ3" 

20ooooujxxi-i35.oQ.x«izac«:_ia 

O0O0OOOO0O0O<I<I<<I«*<5'*52 


-D-D'D-DXXOOOOZ2SJ::333:i222 

xirT",        mi>j>t/)t/)"D'DOO-<-<-<oo»-*»-trTirn  ou 

(rit-i;c;o3002ir-2-Htnox;i>;oi>i"n2  o"C| 

or"i>j»-<imi>oorniE>i>>-ir-cc:crT\isj  oT 

I>-D(-(X)"DO  0(/ir"i-l  nri« 

■0"0'D'D'DT3OOOO22S3:2JL3:Xj;I3 

i-HtH;j3;D003ir-r--i-t73^;o;c;c3a:2z 
r-r-E>r»xiB>»ooi3:>-'(-''-ic:c:<rc:'vi'-M 
j»e>T!Tii-it-i;0XiT3"DOOOooi/5(/)ni~i-t>-( 


"O                  oi:x;o                  i                  »                  Ai                   -D                   3:  r-i-                   03                  /«                  ^                      i/ii/) 

m                  nt-(>-tQ                  o                  t-o                  r>                  AJ                   o  mt-M                   o                  i»                  ,^                      'ocj 

;Di»t-"M2i-iz>-tao  o                                       -HC^                      om 

i-i2nHii-ii/)i-i-nct/)  /O                                       MiH                      HZ 

-Tit/)                                 I>(/l-<03»>  2                                            I>2                         rn- 

o                                                 Zf-imx  ►->                                       om                      t/)M 

1-1  1  CO 

I/)  ' 

-imi 

<ri 
o 

TO  < 


—  X3  —  Cl  —  —  — 


11  -I 

II  f- 

;c» 

ni-i 

m  — 

OC/l 

II T)      II  ;o  II  z      II  II -I  II -<  M  c:      II  "n  ii  •  ii  m 

c/)     r~c/)  no     3  c/)-i  (/)-i  :r/D     "D»  o  i-im 

•       mx  or-     o  o«  o»  -<(/i     t»  i/iPo  zz 

s:  ;d»o  c  cz  xiir)  o  am 


II  £> 

It 

II  o 

Z-< 

o 

-□3 
*>• 

II  Xj 

II 

II  1-1 

II  t-t 

CD-I 

«-l 

3-t 

tr« 

cx 

mi 

01  00  — 

t>«  o 

z—  r-2 

en 

03  COD 

mi-H        • 

•CD 


to 

r" 
Ol 


< 

xl 

UJSl 

oa 

1- 

UJZ 

NIUJ 

UJ 

z 

MM 

t-Z 

z 

•3 

l-Z 

ZM 

>o 

'^ 

£ 

32 

z 

on 

a: 

30 

^ 

o 

<i 

it  1-1 

^ 

•  <^ 

11 

ai 

u. 

—  O 

U.O 

-.<i 

UJ 

'-•h-* 

UJ-I 

«r 

•lii 

•  2 

lO 

Z_J 

ar 

:a:a: 

i.i-1 

00  «3 

UJ<J 

o 

oo 

h-lZ 

ora 

UJ2: 

—  CJ 

O  II 

X  II 

o  II 

a:  II 

•  II 

I 

< 

0. 

o 

_i 

t—         tr 


UJ  li-<  t-  ooisio     >-«i  < 

I  (/)(n»'5t<iz)a;«ix<iivi  t 

o  3  ztjt-icr:o  a:     ad  D 


OQ- 

o 

m 

OL 

CJO 

X 

LJ 

J 

1— 

ar 

u. 

^ul 

^ 

UJ 

V4 

Xt- 

o 

•  a 

-I 

t/IZ 

3 

q:_i 

•  •« 

cr-a 

CD 

uj-a 

xo 

3  II 

II 

X  II 

U  II 

a. 

• 

r 

00 

^  X  —  —  — 


taJ)- 

«*x 

Zl- 

MUJ  O  (/I                                                                                                                                               < 

u.  -J  3  <                             o  z 

MIO  U.  (/)(/!>-<  <X                                                            *-  <tl-l<J  3 

t-ui  M  33_<  (/n                                          «  1-iZZ  a: 

zi-i  _i  i-ujo  o                 «i                  ^-  _jar<i  o 

UJO  3  <fOU.  O                          (/I                           Z  OOM  —I 

•-IUI  O  t-tfh-l  mTO                             IjI  UU.X  U- 

<ia  Z  t-itij  t-3Z                        O  t-ii-.</)  t-< 

(/5(/>  «  a_i3  3t-<t-i                  i-i  z-Jcy  cr 


3  OQ.ail.Q._l_l 

z  oata:o^a.'_j_) 

UJ  0<Z<4CXt-H»-l  .a^ootoi/) 

(/)  1-1  M  3  3  3 

3  I  I  Z  Z  Z 

2  lO  1/1  i  X  S. 


•UJ 

ao  -I 

coo  X 

Q. 


o 

o 

O 

►- 

►- 

o 

o 

o 

z 

z 

C/1 

(/) 

(/) 

oJ 

u. 

>- 

>- 

>- 

►- 

t— 

r 

I 

X 

O 

o 

a 

a 

a 

a 

a. 

ro 

z 

<t 

4 

a 

UJ 

Of 

o 

r 

o 

1- 

u. 

X 

I 

X 

o 

o 

a. 

Q- 

a 

Q. 

Q. 

-1 

r 

o 

o 

3 

I 

I 

I 

X 

►-,»-tt-»t-4M»-Ht-*t-(t-*MM»-*MMt-tMMh-t^-*M»-tt-HM»-*MI-l  Ot/I 

^:r:23ir-r-r-7^i-it-iii3:        iicioooooodcd&s*  otj 


;d 

7i 

;^ 

7Q 

o 
m 
o 

CD 

03 

?o 

;^ 

7a 

XI 

mo'/'r  o;ciic  mmmi-icozocc  oz  o  mz 

Z2i-<|-  ;^mm3;  i>r>J>H-io<P»33  tor«  i-  m-H 

Ci-ii-li-i  C  Z  2.  'Z.  'Z  Zl-i-t  C-H  i-i  VIM 

xo  t-H  i  CO  ccc  Mi-ic  3C  c-n 

-tz 
-tm 

■n        I  o 

m        c  m 

-to  n  <■ 


HH 

0 

X) 

c 

II  Z 

110 

II  m 

II  X) 

l/)0 

<ni- 

m 

iU) 

:Tr- 

OI» 

7- 

mx 

o« 

0-1 

m 

z 

i; 

c/10 

tvi 

rn« 

n 

OT)~  —  OX)-«XlX)00-DOO<riOODI-OI 

xcr-ooo-<oi-ii-iX)«  rnoxJTJOOomcc 

II  t>      II X)      II  (-      110      he:      II  ci  no      no      110      11  m      11          110      11  cr  urn     n  m      11  c      11  c"      n  c      11  r-      11  ti     11  y 

I--C     -<i/)     -nya     x<     i-i<n    zcd  tr     xi     11     sm        i-     ri^     i/ici  m    cm  ci     no     i/xn    i/)«      001    in 

r>         XIX     Ti(/i     (-•      ni-     !•  CT     r-i>     <~r»     J>z         •       o         -^f-  z     3Z  1—     t>f-     -t(~     i-i        ot     i>r- 

CD        j»        i-hx     &—     !>•      i-<  r-     OX)     oxi     "Dm               o        x:«  m    r>m  •      x»      «-••      i/i        r-        xii- 

CD        n        o—     3        X        -I  •      uio     too     r-xot>  -h  z^o(~ 

oor-         ^         i>-no         m  —     oi/i     Ot/i     m            n     o         o  h-*  o         Am     hh        m         m 

•-i(--n— im                t/i  T^'Z-f-             _((HO  r-  cr            x-<2(~ 

D        z         -<o     xo     0-1  ccDccm            ozi-  m  x)Oc                    m 

00           i-Hoom  •BE>C'J>            xo-<  i>  X)        ex     c        o        T> 

o                  ox3(nmo3:z-<-<"no  i>  x)0  c        m 

i/iaicr«oi/i  o                                       •(Po  o  z        xjo     o        xi 

mr-x3omcn  -niooo                   00  o  — <        i>7^     o        xj        o 

cooxi/iCEO  •ccc;                   00  o  z»oi>c 

moi>mmo  xjxjX)                   i/ioo  uj  -ti/)zx3 

xjT^zcDXJt/)  xixixi                  mm  m  m-tx: 

XI                   — imx)m  &x>£>                    CDCD  oo  cd                    t» 

-<o                    xi-<rD  T        T         -^                    mm  m  m                    -^ 

c                  7a                  m  —«-(-<                  X3X)  X)  xj                  -4 

XI                          -<                          X)  X)           X)  O  X3 

X)                                         X)  -e        -<  ^  ■< 


r- 
(M 


>-i      •>-     o 


I 

t- 

om 

im 

^H 

o 

II 

H-  II 

X  M 

Oi  II 

Oi  II 

z 

3 

UJ 

:3 

a 

H4 

Z 

OL 

a 

_1 

UJl/1 

«« 

UJCO 

i_t 

•  h- 

^UJ 

^ 

^UJ 

ii- 

il<I 

UJO 

o 

UJCJ 

C/lt/l 

X2 

UJ  II 

UJ  II 

jj  n 

OL  II 

LU  II 

or 

a 

a 

o 

O 

Lll 

-I 

•  O 

»-i 

•  O 

j: 

•«a 

_ia 

•  q: 

-JO 

i/i 

t-Ol 

i/iz 

JTE 

(/)Z 

II 

h-  II 

UJ  ir 

Q-    II 

Uj  II 

ar-i-i-i-iZQ-u.        u-o 


K-4  'Z 


ruj 

•i  3: 

Muj  r        i:                                                                                                                                   ~ 

"-  t:                                                                        <->        n  iT)                   <s        t                                                             y-<        a 

"i/iujuj  z>                                    i:i"i:t/)Z  1-1                 >-ia                                     <                 '"'t 

►-UJ  Of         T.                   uj                                         r)z)3(/i«i  o^                   a.         'X                                         acio^ 

zi-i  <iQri-4zrr                  zzzmh  <i                  aj<<ci«io'a::^Oi-< 

UIO  — IOl-«t-lZ53ujl-ll-lt-i(/1Zi-l  _lctl-02ZZ<SU^'-"5'i-' 

•-•III  OU-_|-!5il/)(-t->-l—             OOI-<  -)^^0«I<^<I<5lc              ^»jr/l 

<'Q-  >-"'-itsiui-io(/i:DrDr'f)(/iu-  cii-i«a?'^">''^""-'^'^ 

t/"/i  »-zujzt-^->-i_i_i_ii/)i-_i  ►-z_i5-i—        i-i-ino<it-n 


•UJ 

0 

Q.O 

UJ 

UJ 

n 

Q.O 

0. 

O! 

or 

WO 

t-1 

t-i 

UJ  l-l 


r 

=3  n 


00 


7a 

;d 

^ 

;d 

;c 

;o 

70 

» 

PO 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

t/O 

C/) 

X 

■0 

■D 

■D 

^ 

;o 

;o 

-) 

"0 

c 

;d 

m 

I> 

c 

:z 

rs) 

7i 

/O 

;d 

;c 

lO 

/O 

^ 

^ 

;d 

c 

c 

c 

c: 

c: 

c 

c 

Ci 

c 

□3 

0) 

CD 

CD 

CD 

CD 

!P 

CD 

O) 

c 

c 

C 

c 

c 

c 

C 

c 

c 

to 

(/! 

trt 

I/) 

(/) 

I/) 

t/1 

l/l 

fcO 

;c  »  »  ^ 
c  e  c  c 
3        3        I-        r- 


TO 

;o 

;^3 

;o 

A) 

;d 

C 

c 

c 

c 

O 

o 

Ol/J 

1-4 

I 

cs 

g 

I 

X 

o-o 

o 

m 

> 

o 

o 

o-o 

i/i 

z 

c 

m. 

;o 

,T) 

;c 

70 

;c 

;d 

c 

c 

c 

C 

CJ 

c 

CD 

CO 

CD 

CD 

trt 

t/> 

cc<rcrtoLO"n-n-o"a2z:i3:i-t-f~>-ini-i 
^.tiAJ»-H-nC^  rrnj>^(-ii>i>mi>j>ooo 
i/)y)i/ii/i^iTiL0ooA3«;cnnoci/)oi»&i> 


om 
i-iz 


-n 

T30 


<  c  n 

n  ;o  & 

-t  LO  o 

i-i  iH  :^ 

■n  z  o 

OCT! 

r-  lyi  m 


o 

X 

o 

I 

»-t 

c 

II  o 

II  E> 

no 

II  t» 

MO 

II  ;r 

in  7^ 

03 

c 

03 

IX 

00  en 

^m 

E>. 

o 

&• 

mx 

&x 

13 

|- 

r- 

|- 

C/)» 

1- 

T 

m" 

• 

»-(   C*l 

-H 

3 

rn 

-n 

w 

-n 

m 

O 

1- 

oco 

Ol/l 

TO 

2- 

m 

xic-> 

CD 

;do 

2 

CD 

i» 

TTX 

tJ 

:'X 

Tl 

M  If  tl  -D        HO        It  H  :?        II  t> 

m     X— t     ooci     om        x     —to     xo         -<     or*         <:     x)         ^  m         7^     oa         no         -h 


c 

o 

o 

m 

o 

o 

X) 

t-H 

M  -1 

II  cr 

II  ;o 

II  HH 

M  C 

II  cr 

II  I> 

II  l- 

x-t 

01  (n 

om 

I 

-ten 

x<n 

■< 

or- 

m. 

zi- 

E»m 

m 

xii- 

XI- 

co 

i/i 

o« 

70-Z. 

!>• 

t-t* 

-(• 

-H 

z 

T^m 

(» 

HH 

—1 

r- 

m 

m 

*- 

t- 

mm 

m 

;r 

D-X 

X 

z 

»-t 

CDX 

& 

z 

m 

s.;o 

m 

z 

& 

-n 

nx 

01 -< 

o 

en 

;r-< 

—4 

CDO 

■DO 

I/) 

;»;• 

03 

X 

mo 

(BCD 

CD 

poc^ 

f- 

t-4 

^t; 

m- 

r- 

J> 

I 


0> 

t— 


li.  1-1  o 

<  >xJ                        -I 

UJ  _)           >-           1-1 

-t  a:         4        jc 

•X  UJ          •-! 
C/1C3 

UlUJ  •               •!-*       IXO          •LU          •            UJ            LUX          *Z         •             aO       «l                  UJ             -J         •CJ         •*_)      H- 

UJQ.  _l            l-On       UJCD       OCT       f-             bC             _I3       C03       ID             UJO       QT             -JCE        _)Cn 

O  II  _1  II        ►-  11 

Z  <           J 


i/oo 

cc 

UJ 

CL 

UJ 

in_i 

^- 

(/IQ? 

CD 

or 

O^W 

o 

yirD 

i- 

lia 

•UJ 

• 

UJ 

UJX 

•  z 

« 

ao 

4 

UJCD 

OCT 

f- 

^ 

-13 

CO  =3 

tn 

UJO 

or 

□  II 

a;  II 

•-  II 

on 

-J  II 

dl  II 

en  II 

O  II 

or  II 

2 

< 

:d 

o 

UJ 

UJ 

UJ 

z 

•a 

00  UJ 

i— 

f_l 

(/1> 

»— 

•o 

LT  UJ 

«I 

X«I 

UJO 

D- 

1-a 

CJ  II 

Q-  M 

^H 

ruj 

21- 


►-U  o                    _Ji-i<i<i2                    i-i-i-iooa                                         i-iz:>aQ'rL-a 

Zi-i  _ia>->-zouj<ia«i         Qzzz                                         i-oh-ioouji-i 

UJO  cJOI<I<I>-Qk-t-l-jjOOC<l'3<»«II-irK^?-'^ 

•Hill  i~i(-ia         _ii-iicrcrDr5i-»-iri--!5-)'3t-i,vi.i«J<ioo 

oQ  (J3t-0(5mc--(5ori-_ii:?-tij)iiii>u.         V'-!!-''-!'' 


-I        -J        _i 


ao 
ao 

MO 


O 


— * 

V) 

(/) 

(/5 

;d 

X3 

;o 

XI 

•o 

"D 

■D 

■0 

E 

m 

O 

i-t 

z 

3 

3 

»-H 

CO 

»-« 

X 

m 

OT) 


;oooi»ooms:         —         mOi-ii-4>-(i-ii/)'-iIr|-fi>j-<oo"nJ> 

n>-«i-iOi-ii-ii-ioai-ir-uacjoc)/U>-ii_)or->-ii-i<.)^iM  n 

zi-«i-itoi-it-i-<-<rnr~mi>t»i>i>oi-io-Di'iM(-oioz  0"^ 

t/)  J>  t>i-l2l-iXI  O  i-il(-l/)|—  O/O-Drv  i-iz 

•H  (/)-n>-i  0'ni-if-i-ir-o(/)'-if 

f/i  i-ioi>  >C;or-i>"njsii-i»i/i 


-DO 

n 

-IZ 

m3 
-irn 


T 

c 

z 

n  o 

II  T 

II  o 

o 

r~ 

"nm 

71 

• 

HTl 

• 

Xl(/) 

^ 

31/) 

D^ot»mca)i>c:x>03CDTCzrn»  -<c:oz'^t»ci> 

MO     II  m      II  c      II  r-      II  m      \\-jy      ii  m      it  z     ii  -i      M  x)     ii  m      n  &     no     n  T      no      » ro      ii  no      m  ;c      no      no     ii  m     ii  (-      n  -*     n  ;d 

oc         r"         o     t-t(~         CD         L/i         03     c/ico         -H     tox)         CD         i—         o        f~     "nm         m  (/iod         uo     lo^     ^m         o     oi~     a— *     's.ixi 

mo         r~         f~     o  X         rn     t-to         •       ot>         tE         r~         ^         •       hhti  x«  x      ^*       »~t)         •       X)         <~»       r>i> 

m         c/)        o— I 

2:  -<  m 

— 4t>>f  m  rnoTir->m  :?-  I'm                     m                     "^irr 

00a                E  j>i:  XJXJOX)                i>  a  t-t^DOf-*!:         njx 

c/>xJX'CDO  r-t-*                                  ozro                Ti  r-TOOt-*"-! 

i>o         j>mf-  ("I"  3::70Z  ^  r--<c:rTif-         mj> 

02         :z2'"n                                         i—  HHO'Ca:  »-i  o  r-c/ir-z 

mo         t/)— t[/i                                         o  r~«                     •»-.  (—  s:  -x:             -\                o         sio 


-< 

<= 

0 

Z 

II  0 

11  ^ 

11  0 

II  0 

l/JOD 

i/i 

LO^ 

ojm 

X« 

X 

^« 

»— T) 

-< 

0 

C(/) 

r~ 

£ 

mi/i 

& 

aa. 

CM 
CM 


1-1        ^ 


^        »-*        (-■ 


•an 


cja^ 


h-t  UJ      IjJUJ 


Zd 

ixia 

UJ  II 

o 


<i  II 


4  n        •  II      a:  II 

cr        I-        o 
o        —        — 


coo 

UJ  II 


oruj 
oo 


~o 

v_i 

om 

O  II 

X 


<5  »-(  t~i  i-i 

I—  <  <I  < 


UJUJ 

(/I 


or 

3  II 

a 


Z) 

D 

'1J3 

O 

o 

3 

-^ 

o 

o 

^o 

j; 

i: 

o 

,i« 

o 

J- 

J. 

ujr 

T- 

I/) 

X 

u. 

^ 

JZ 

U. 

<I 

U- 

az 

d 

<t 

C/1 

z 

I.T 

^ 

«a 

OQ. 

►-H 

t-H 

uJ 

o 

UJ 

o 

•  UJ 

UJ 

a 

a 

Z. 

-5 

z 

rsj 

O-J 

^•'i— 

UJ 

UJ 

llJ 

OJ 

UJt-l 

t-1^ 

.1/1 

ujm 

ujai 

'aJLiJ 

• 

UJUJ 

^UL 

uj<a 

l/)UJ 

^i-« 

^►-> 

■£.'X. 

£. 

^  ti 

UJ4 

o  o 

►-tz 

XC/1 

XC/) 

UJO 

UJO 

UJ  II 

X  II 

d  II 

uJII 

-J  II 

UJ  II 

•  II 

^^  II 

IX 

u 

3 

c 

o 

01 

o 

-i: 

L3 

l/l 

"-■ 

iC 

i^ 

o 

^ 

o 

bjt- 

ruj 
•ai 

Zl- 

•-* 
oo. 

IHUJ 

»-^{/) 
t-ij 

Zi-i 
UJII 


3  i-i  i-i 


Q-O 

t/io 


IS) 
ISJ 

rs) 


I 

X 

I 

I 

I 

o 

o 

o 

o 

O 

:o 

;o 

;c 

TO 

XI 

i-t 

M 

f— 1 

H-( 

M 

o 

O 

o 

O 

O 

> 

I» 

t» 

I> 

I> 

xj 

;c 

72 

XJ 

XT 

XI 

-0 

-D 

T3 

T) 

o 

o 

O 

O 

O 

n  l-l  O 


-«2-.~~oxi<r>a)-nTD~         — 


-n 

r" 

r- 

c 

II  m 

II  • 

II  • 

II  T 

OX) 

o— 

o— 

L/)C» 

t>:^ 

o 

o 

2-t 

X)« 

30) 

SCO 

Orri 

o— 

Sl- 

31- 

:ei- 

m 

oe. 

OI> 

UD« 

?-rD 

z-J^ 

^x 

m 

(- 

m 

m 

x; 

0& 

(/I 

to 

■0 

o^ 

2 

2 

■< 

xim 

O 

O 

O  >-1  M 


m         1-1 


oooaa)aDT>  c/i 

ooo-Ti'^rnx)  o 

oocnoodac  "o 

r-         r           i~         1-1         r~         I            to  *> 

x>i>i>"nt-iH-)0  X) 


n         >-i        i-i        X)        r-         r* 

e>        i-i         i-i 


II  m 

II  C/l 

"Dm 

TDt/l 

-<^ 

l-H* 

:cm 

^ 

no 

II  cr 

3?; 

i/)<n 

rn» 

ir- 

I 

o 

o 

II  o 

no 

no 

o 

OA 

OA 

5<; 

o. 

o» 

• 

c 

c 

MO  nf-      H  m      n  ii           ii  m  ii  m 

I         c:  i~         rn     i/i  2  t/)3 

-<m                           r"         r-        »-x         "—  m  -^  i> 

V        o         "n     t>         i>        Ti  •& 

mo                    m                           7L»          •  •  o 

j>;d        r-         t/)     CO         00        m  (r 


CO 
CM 

eg 


>-o 


I— < 

OUJ 

o 

oo 
IK 

»—  II 


I—  •^-  (/)  hH 


<SI—  l-H 


a.         >-< 


UJO 

UJQ. 


Z  II        J.  II 


OQ- 

►-IUJ 


O  1-1  i-l 


to  1-  I- 


o        o 

t-i  ^  X 

X  X  LJ 


ao 


i-i  »-»  ^ 
X  o  a 
o        o        o 


III-" 
2  KH  <: 
O  TJ  >-" 


ot/l 


CO 


o 


o 


o 

o 

?D  H-C  11  1-1 

Z  2  r  2 

C  1-t  n  t-t 

3:        c        c        c 


r>         i-i 


»-i  X*  i-t 


-IZ 

mi 


o        c 

II  Ai       II  ^ 
o  l-l 


MO       M  2- 
I       0-4 

X     r.1 


II  o 

II  >-i 

11 

II 

II  l-l 

11 1-1 

II 

II   PU 

o^ 

no 

< 

CiW 

xj-i 

Oil/) 

Xl« 

ox 

»-4 

X' 

mx 

ox 

m 

ox 

cu 

o 

O 

X 

Of 

OTl 


m 

CM 
CM 


c/> 


•Ul  »<  N 


»-t  or  U.  tH  ^  »-t 


UJ_I 

o 

_j 

u. 

CDl-H 

z 

o 

octn 

LUO; 

zq: 

t-UJ 

o 

_lt-i 

1-1  h-i 

t-z 

U.O 

uu. 

-iii. 

311 

ZU. 

-»u. 

<Juj 

—  o 

-J 

•f-f 

t- 

•  z 

—  <i 

_io 

•*-* 

_I<1 

•  m 

o«a 

ao. 

um 

^3 

3a 

OL-X 

3<J 

Ol/l 

oil 

<->  II 

O  II 

O  II 

o 

e> 

o 

I 

1 

UIO 

<a 

0. 

^jj 

<- 

_)0 

t- 

•a 

X 

—J 

z 

ao: 

z 

z: 

1-H 

u. 

3 

a 

3 

li. 

<x 

o 

i-ii/) 

o 

u. 

»- 

z 

CJ<3 

X 

« 

UJ 

UJ 

>- 

-I 

> 

UJ 

-1 

_l 

UJ 

b^ 

~o 

i^ 

_l 

q:co 

a 

z 

o 

•  3 

o 

o 

LUO 

<i 

X 

1-1 

•  o 

itO 

•o 

• 

Il-l 

OZ 

z: 

</)■> 

a  a 

OQ 

or  or 

1— 

I/ICD 

I II 

II 

ac 

II 

or  II 

on 

a:  II 

t~  II 

O:  II 

UJ 

• 

3 

□ 

I 

o 

3 

3 

mo 

o_i 


UJ 

^ 

•uJ 

o 

1— 

—  ^ 

z 

UJ 

• 

zo 

i: 

1-1 

CD 

_fl- 

1-1 

•  cr 

_1 

l-_l 

•i 

•  UJ 

UJI-l 

•  i 

U-l- 

_J 

at 

^ 

l-I 

13  CK 

Ol/l 

1— V- 

tO  II 

t— 1  II 

UJII 

•  M 

1—   II 

^  II 

UJ  II 

1—  II 

UJ 

z 

■a 

_i 

3 

O 

a: 

3 

—        ►-        ^        a.        _i        _< 


Ul  z  (/I  i: 

►H  UJ  <  3 

Qi  I-  _l  QJ 

<  (/)  t3  C3 

>  <  3  <I 

X  O  _) 

(/I  O  O 


ruj 

zi-  r 

l-<  3  X 

OQ.  t-        r  u 

MUJ  «  3  Z 


■a  M  1-1  «  <i  £.  X 

o  u.  u.  ly  z  3  3 

o  1-1  1-1  Ul  1-1  rv  (V 

w  ?'  z  f5  o  m  CD 


0.0  Ul  X  O  Q^  «  <I  < 

Q.O  1-1  <  O  O  _J  X  X 

C/IO  m  CO  CD  03  CD  CD  ffl 


3 

III 

o 

z 

lo 

o 

UJ 

rs) 

00 


■OT)(-i-r-i~'~r-t-t-<-OOOooococDCD[DCDa3Cci>j> 
rTimHii-it-i*>i»i>ccc;ciiirnmrnmmmmmrn;c;c  0(/) 

I-(OOCDO'~;DtOOZCDZI~  J»^OT5'D"DOO"n-(2a>  OT) 

m;cmrnoo-<t->ootH&oj>3rnoc>j>&ooocmc  o"D 

o  o  X  Tj  B  t/)Oo  n-i  m* 

c*j         ro  oj         ro 

-Q-oi-f-r-r-r-t-t.t.uoooooococDaJCDcDasaj&o 
ix,  rni-Hi-ii-.jsc.jacccciixmmmmiTmfT'rrn^^ 
-)-i-((xicD;o;o;^z2ZT)&r>E>r-r--(-t-<-<-t-i-i33(i) 
;d;CIOOi-'1-ihH(-.i-ii-4;C3S  s-i-iccccccccc 

oooooxxx-DT)"Dmr»»B>i-i>Hr-r-r-r-r-(-r--(-i 
■DTJornm  rTimmi/)rnrnmi/ii/)j>j>i"»>E>i>j>cc  d 

ii&oo  ;o;cX(/)ooo  toi/in 

■<-<xi;c;c  cccc-<-<-<  2 


o  !/)c  i-ii-  -On  m-iio  'H(n-<-<-<>-ii-(-(  rs)  dc:> 

ni  *-<;v  Lji~  c»-j  A/^O  cji—         AJ/*jAiu»t_ii-t  n  ith-* 

(/)  r-m  z  oz  — (i-<  r~i/)Ti-r\"n22i»  ti                      mz 

O  oz  -H  ^-H  mi>  ci-immni-(-ii—  >-i                       m-^ 

z  po        lyt  j>  CJ>  z        z  -(►-t;D>o^j>i»i-i  i-i                      i/)i-i 

M  B  I-  i(-  i/ij>  r>                  i»i>i>r-r-i/)  -n 

t-t  »-^                                       HI  »H                                                                                »-(        HH  nt-i 

(/)(/>(/)  CO  I/)  "DO 

xi> 

mi 
-tm 


II  E> 

II  -1 

II  • 

XZ 

«-i 

-ICn 

mm 

o. 

BC- 

z-< 

o 

Z« 

o— 

^ 

03  — 

m 

3 

J> 

:^:n 

t> 

TITI 

co-< 

i^ 

Am 

oo 

1  X 

zoo 

oa 

• 

&• 

;d 

;^ 

II  -I 


I> 

00 

I 

D 

I> 

o 

II  I> 

II  1) 

II  o 

r-2 

xi(n 

iLy^ 

T>C/> 

o« 

m» 

JD» 

o 

00 

-I  -D  »  » 


II  T) 

II* 

II  X) 

II  t> 

II  X) 

XOO 

z 

-Dl- 

-no 

ZX) 

o» 

Oo 

o« 

&I 

m* 

O 

oo 

;d 

r- 

-1 

o 

-IZ 

-i 

00 

r- 

o 

:^— 

o 

m 

m 

X) 

^ 

II  -< 

II  m 

zo 

s:(D 

oro 

mm 

;o« 

co(- 

-1— 

— 1— 

X 

m 

3:  to 

XI -n 

mi> 

zm 

COT) 

73 

-HO 

■OZ 

I 

I 

CO 

r- 

■0 

& 

O 

o 

■o 

• 

c 

o 

HO 

no 

II  XI 

II 

II  X) 

II  > 

I.^ 

lA 

X<D 

CD 

■OLfl 

XZ 

1>» 

&. 

!>• 

t-t 

t»x 

BC/) 

-H 

-t 

-t 

XI 

o 

a« 

CM 


I 


X 

V)  z 

K  => 

O  UJ                                                                                                                                                                                                                                                                                 -I 

X  Z                                                                                                                                                                                                                                                                                  CL 


^    o 
o 
o 


O  UJ  0^  Q  q: 

l/l  Z  4  O  Q: 

UJ  l-l  — I  O  U  UJ 

u  a.  a.  X  u  X 

3  UJUi  UIOZOCJ 

UJ      •q:  z       UJ        z  zui        z  a  o  z      'Z  ui  c/i> 

t-  UJ     ^  z  ^  -^a: 

1        —  t-  a     oo  o  ujor 

o  o  CO    ot-  I  auj 

I  O  O  <       II-  O  -11 

o  o  <io 

IS  Z  L9      XO  •-  3C 


o 

ro. 

M 

z 

•  l-l 

Ul 

Ot- 

•  HH 

3 

_IW 

a. 

1-4 

oa 

z 

QH 

oa 

0^ 

UJ 

• 

Q. 

3 

•l-l 

UJ 

I 

o 

a. 

oz 

a 

^ 

OUJ 

u-a 

z 

•  2 

o«i 

(/) 

zz 

Ql 

ai 

UJ 

-1-1 

-1 

►H 

Q 

_l</^ 

UJ<X 

< 

«» 

z 

o 

<i>- 

a 

Z 

o 

UJ 

C£ 

X 

o 

Ol 

o 

xu. 

ma 

xa 

Xut 

o 

UJ 

X— 1 

UJ 

o 

UJUJ 

Ul 

en 

UJUJ 

UJUI 

3 

z 

UJUJ 

«« 

Ul 

mi— 

CD 

o 

UJU. 

1 

1— 

a 

•a 

UJ 

o 

• 

z 

Xl-< 

O 

•  o 

u. 

•  (J 

.1/1 

•  z 

(KQ. 

•cr 

>^ 

o 

l-l 

-IX 

•z 

-JO 

(/I 

•  Ul 

_!-> 

— fUJ 

-lO 

1-00 

i/>tn 

oruj 

z 

Q. 

UJZ 

X5^ 

O-l 

Ul 

■>-> 

U(/l 

OI 

oa 

UJII 

>-  II 

a-  II 

U  II 

II 

oil 

X  II 

^  II 

X  II 

UJ  II 

13  H 

o  II 

3  11 

M 

< 

< 

CD 

• 

z 

UJ 

o 

•a 

a: 

O 

o 

o 

O 

2 

a 

— ' 

_J 

UJ 

-1 

o 

-J 

o 

O 

Q 

o 

►- 

^ 

•o 

•  CO 

•<a 

o«a 

i-a 

X3 

J 

(/lUJ 

IC5 

UJ^ 

q:  II 

O  11 

II 

U»-l 

LU-J 

X  -J 

133) 

ua 

*—•:£ 

on 

M 

•a  II 

Z  II 

—        -I        (/) 


oa 

mUI 

IH 

u. 

< 

»-< 

tHC/1 

z 

z 

l-UJ 

4 

z 

Zi-l 

H-* 

«t 

u/o 

Of 

X 

►-IUJ 

Ul 

—1 

oa 

X 

UJ 

to  (/I 

y 

o 

>->ai/)i-<i-i_i(/5Q:^  u.uj>-<«  z-a 

<i>-i-i>-i-oo>-  i-iooo  «izc: 

r3a'_)CKaock;co  fc-i-i— lo  owu; 


o  t-  I- 


Ul 

(/) 

M 

3 

3 

n 

Z 

r 

z 

(/I 

m 

</) 

M 

i/i 

-> 

3 

3 

3 

3 

i/> 

(/) 

in 

tn 

(/I 

(/I 

-1 

-1 

_J 

-1 

-1 

3 

3 

3 

3 

3 

3 

_> 

-3 

3 

3 

3 

3 

Z 

z 

Z 

Z 

Z 

Z 

^ 

a 

a 

a 

a 

a 

3 

3 

3 

3 

3 

3 

-1 

o 

o 

o 

o 

o 

Of 

X 

V 

V 

'X 

IT 

•V 

ao  ui       q;       z       i-i 

&0  O  CD  UJ  (/) 

MO  i_i  w  i_i  M 


Cf 

or 

r 

>- 

H- 

3 

o 

o 

t^ 

a 

a 

a 

IS) 
CO 

o 


j>>m&i;ccci>rnmrTic»-f»-<M  ox 

o  to  3(D  o«3orn» 

OOClOOE)'D"DT3TJ-0'D-0T)-DTI 

ccccc:c-<-<i/;</)i/itoo"»x;;D 


c        1-H         t-1         ;;c 
o        z        z       o 

n         t-t  i-t  c 


o(-r-;D-<  C-)                  MisirsiM  cncio  "oo 

z»<ni»o  opifTim  zzz  orn 

p-ii-icizi~  ni/ii/iw  (-ii-«f-i  (-1Z 

ozi-i                     T)  r>i-if-ti-i  zzz  U)»-l 


03  »»  ~  — 

ti  ;d  II  i- 
i;d  (- 
m»  •       m         X         i>«       m  oo     i—         o         c:»       &*     x>«       35f~      t»-T     x»  m         o— *     oro     ot/)     oo)     co«       o         i~^     m— i 


z 

1- 

r~         ^ 

f- 

(- 

5^ 

vo 

z 

o 

f- 

c 

• 

•          o 

• 

• 

m 

• 

m 

o 

t-H 

II  -1 

II 

II         II  • 

II 

II 

II  r- 

II 

II  z 

II  c- 

II  m 

-o-< 

-< 

oo 

m 

r- 

11- 

(/JO 

OCD 

oo 

OOJ 

T>« 

m 

oo 

1- 

r-> 

Cf 

bxi 

x>« 

ajf- 

t»-i 

o 

I 

I>Z 

i» 

o 

o 

o» 

l- 

m» 

z« 

l-l 

to  — 

o 

c 

^ 

(- 

t-t 

o 

■< 

Tl 

— i 

^ 

C/1 

l- 

rr 

•n 

o 

o 

t-H 

m 

-4 

m 

;n 

D 

•7 

zr 

o 

a3Z 

i- 

-•• 

CD 

;d 

mo 

o 

m 

o 

z 

■n 

r- 

-< 

oi- 

o 

XI 

;o 

t* 

t-( 

I 

(-1 

m 

z« 

c 

o 

;JD 

^ 

»> 

HH 

« 

■X 

at 

CD 

1 

i» 

II  t-i 

iii-i 

II  m 

II  1-1 

II  ;d 

O-l 

o;o 

Ol-l 

o;j3 

•ox 

0-( 

oro 

ooo 

OCD 

(/)• 

c» 

cm 

cto 

cm 

m 

o 

<Dr- 

oz 

cii- 

c 

I- 

i— — 

!-• 

r-  — 

o 

& 

& 

&  — 

t> 

o 

oo 

i/)-n 

(/) 

1/5 -n 

1 

1 

1  ^ 

t  m 

1  T) 

T 

-n 

-ni> 

mx) 

-nj> 

m 

hH 

l-IZ 

i-i> 

l-"Z 

3 

;d 

;do 

Ti-Z. 

;co 

I- 

• 

^-< 

O  — 

zo 

X 

::c 

oco 

073 

TCE. 

x« 

m;c 

o 

O  — 4  l-l 


«  -*  -^O 


»-t         &         »-« 


CO 
CM 


•  X 

Qi 

l-l 

:di-< 

o 

QCZ 

2 

Zi: 

orz 

<3.*-* 

a 

q; 

«iu: 

(_)«1 

*-/ 

«o 

(/iiii 

>- 

u. 

•  u. 

^— 

-.z 

n 

sin 

—  lO 

•  3 

_l 

-1 

•Ul 

oo 

•  <3 

u!« 

U-3 

zn 

t-O 

<J 

«  M 

oil 

>-  II 

•  II 

^        ~        z        — 


O  J 

(/I  1/1 


ao 
(/>o 


m 

CO 
CM 


to 


< 

o 

<-+ 

Z 

OJ 

-h 

3- 

— 1 

fD 

o 

— 1. 

r+ 

— 1 

Q-  S 
O 

-h 

m 

3 

-s 

Q) 

O 

to 

3 

-s 

r+ 

1 — 1 

n> 

3 

VJ    • 

r+ 

to 

:3- 

O 

r+ 

c+ 

-s 

— 1. 

3" 

3- 

(D 

a> 

— 1. 

fO 

fD 

3 

to 

00 

:3 

— 1. 

to 

fD 

O) 

-h 

CT> 

O 

3 

O 

O 

a> 

O 

<-+ 

3 

00 

-^* 

CL 

■o 

O 

-u. 

— 1 

3 

CU 

to 

OJ 

3 

3 

O 

CL 

:3- 

r+ 

3 

r+ 

n> 

3 

(/) 

=r 

G) 

^ 

— 1> 

o 

3 

3 

-s 

c 

in 

O 

Q. 

-s 

3 

-% 

— 1 

^ 

3 

fC 

— 1* 

3 

OJ 

3 

to 

to 

3 

r+ 

r+ 

ro 

— 1 

fD 

^ — ^ 

w 

^ 

Q.X3 

a> 

Oi 

Oi 

—1. 

to 

-s 

O 

3 

fD 

(D 

o 

(/) 

ft) 

rc 

CO 

^ 

CU 

rvj 

^ 

Ct- 

o 

CO 

rs 

rl) 

rr 

en 

o 

Q. 

1 

3 

o 

ro 

<< 

o 

•^ 

CTi 

3 

-% 

c 

o 

(/) 

to 

-. ■ 

. 

rt- 

.# 

n> 

-s 

(M 


CO' 


nr 

• 

cni-i 

o  • 

CD 

o 

OO 

OOL/I 

UJ 

• 

1-1 T- 

• 

zo 

k-t 

z 

>-.(_> 

• 

•  >- 

P- 

CtC/1 

U- 

• 

I 

(Y 

*-* 

O-l-. 

>o 

w 

■>_! 

(- 

u 

<I 

U- 

l/IO 

(J 

3 

oz 

DX 

ZJO 

a 

C/-V 

ct 

•a 

• 

(i  I- 

(/I 

to 

2 

<IO 

•   • 

<IT 

UJ 

ty 

Cf 

C^-. 

UIX 

UJI^ 

2!Z 

Uj 

<: 

—  * 

— 

^^ 

K^ 

T  I 

— . 

,— 

II. 1 

ti. 

ert-i 

(Tcr 

CD  — 

O    • 

•  z 

XUJ 

r 

UJ 

•  ^ 

I 

• 

y  • 

T 

t-*i~i 

Y 

•» 

vr 

irz:^ 

f/^ti 

t-t 

o— )    • 

W(V 

(/)    • 

_l 

• 

•  • 

^    , 

LULU 

<»    • 

a  a- 

~Z 

—  13 

Ol-H 

CUJ 

Q'^^O 

-join 

UJUJ 

a-cp 

^ 

-J 

vi/i 

•cr 

UJN. 

•  l/l 

CO 

•  t-H 

•  <l 

Oct 

3Uj 

3<i 

— i 

(/no. 

^c 

l-H 

-1 

Ct- 

i_;a 

O-l- 

_l   • 

1A,1/- 

_l_l 

_iUi 

It. 

0  Q 

0.  _J 

• 

l-HU      ♦ 

«a  >-» 

Q  >■ 

T 

K' 

CC 

re 

o:»r 

-»«I 

•-*- 

w*- 

—  Q-l 

•i-tfl 

—  o 

—  CDO 

IO< 

>a 

—  o- 

*^ 

r 

13 

^'t- 

*-Uj  >-f-  a"  on  LiJLU  «-  •  &  &*  — .z  —13  o»-h  tyuj  Q^^o  ^citn  UJUJ  orcD  — i-j  V{/i  •(>-  — ^-  (/TO  u  u^  u  ujo  itO 

h- a  ;3>-  a  o  ujn.  •i/i  oo  *>-<  •«  oct  3Uj  3<i  —i  i/oo.  r^c  i-i_)  ct-  oa  ♦►•  Kt-  t/"i^'  v    k  co 

•  r'l-i  TD  •::  ^s  o-i-  _i«  <a,i/-  _i_i  _jui  tc  oq  o._j«  khu   ♦  <>>->  a  >■  t  >~  o«:  re  _p~  c«j  co  a.«r  ci 

jza  —z  -ior  _ji  o^  ~«i  •-—  — —  —Q-i  ~-tfi  ~o  wcDo  io<i  >a  —or  — i"  I3  —i-  --z  23  :>:>  cnrs  i  — 


I  r  I  t-  •- 

rs^  3  <io  <i  *- 

vz  z  oo^  z  i^ 

>-t-i  1-1  iru  i-i  3 

00  z  «aa  r  is 

zz  a  _)c/^  ui  z 


z»- 

o« 

»-• 

I 

s 

U.t-1 

00 

OQ. 

r 

1.       T 

T 

r 

3 

UJ-I 

ac 

1-1 UJ 

r) 

3       3 

a 

3 

3 

-J 

>- 

00 

I 

0 

T 

Q  Q 

u. 

z 

»-t      >^ 

</i 

o</i 

r> 

0 

3 

TT 

X 

0 

O'U- 

»-( 

03 

K-< 

T 

i~> 

3 

00 

M(/> 

«i-i 

_)«  _/ 

n 

•az 

2 

z 

«a 

33 

01 

*- 

u.*-< 

I/O  I/) 

ao 

I 

il 

»-4 

3 

_i 

a 

00*-^ 

»-< 

Ol_ 

KbJ 

d»i 

OITO 

rr 

0 

1-4UI 

ro 

1-3 

10 

•-e 

o3 

0 

zo 

»-lkH 

U'-J 

^ 

nh-. 

(/5 

U 

c 

>-it- 

3»-* 

K-*        K- 

H-IK-1 

211 

a:^ 

u  cu. 

0 

3  — 

f- 

►-_! 

30 

30 

3>- 

Ot-i 

»->-< 

ot-i 

000 

a_J_) 

zo 

>■    U) 

irin 

0 

Zt-. 

ou 

0  0 

>-_) 

b    C'V 

3  I 

u  c- 

r_i 

LU_IUJ 

«!•- 

^->- 

L/' 

Zi-i 

zu. 

ZUJ 

zx 

l-Q' 

I/IO' 

OZ 

Of^X 

0  00 

a-o 

or 

1/1  (/I 

_|t-i 

t-iO 

Zl-i 

U'UI 

o_l 

•-•o  0 

t-»- 

t-iUJ 

DUj 

_I!3_J 

Q  3 

<3CI 

«I3 

<IC? 

»-i(/^ 

l-^l/- 

►-0 

(/OH 

VO 

30  0 

eriri: 

^-.•►-4 

00 

HHK- 

LD1-. 

iU, 

0  :^ 

3  t 

ou. 

I  Ijjn 

i-z 

OQ- 

_|3 

_)Z_) 

ero 

00 

cr  _i 

CK3 

zer 

zo- 

zo 

(-■CT 

lAQ 

00 

OCQ- 

OUJU 

Qfr> 

k^Uj 

KK 

3> 

o> 

or 

-11/5 

(_3 

_ICLO 

00 

Irtv 

CC 

lH<»t-l 

13  Ck- 

UIU 

_)« 

3  0' 

03 

03 

OO 

Cfn 

on 

_JO 

_IOO 

Ol-il-. 

00 

Q  Z 

_J_J 

OU' 

ryu 

zu 

o>-- 

00 

OZ3 

00 

01 

i_ir 

Or<r 

Q.a 

1Q 

OO 

(Ol/- 

Ol/l 

OK 

Ot^ 

OCK 

O-l 

Ol^.t- 

t^IX 

(/it/i 

l/l>- 

OO 

CT 

00 

►-4K 

6  cr 

I,'  T 

l^oc- 

00 

ac 

t/^iO 


z 
0 
a 

0 

1/1 1/1 

zz 

ZZ 

^z 

TT 

ZZ 

TT 

^^ 

lOZ 

33 

0 

il. 

000 

xz 

inm 

l/ll/O 

00 

00 

CO 

00 

oc 

irm 

(/it/ni^ 

i/^i/'in 

00 

oc 

3u; 

0  0 

OK^ 

33 

U  UJUJ 

33 

K^K 

l-l»-t 

ora 

Qrc 

ao 

Q-a 

oro; 

♦-tt-t 

»-t  *-•»-) 

»~<n»-H 

0.0; 

Q  0 

lO 

33 

•-■a 

*-t- 

_l_l_l 

00 

KK 

t-»— 

(W 

w 

>>- 

>->• 

V  V 

>->- 

ryiv 

ryiyry 

►-»— fc- 

>  > 

V  V 

>-o 

■TT 

00 

?-»■ 

00 

T"T  T 

triiii 

t-^n 

-J— l_J 

ii'iii 

zz 

irm 

UlL 

0  a 

a  0 

Q  C 

0  e 

n  0 

li  tj 

li  lilUI 

t/^C^fO 

e  0 

0  e 

zt 

33 

r  r 

(niyl 

33 

1.  Ij' 

333 

i-c^ 

2Z 

>-*»—*-< 

00 

00 

oc 

ini/1 

00 

00 

OC 

00 

CC 

irnr 

t/1l^l/0 

ccc 

CO 

00 

0 1-^ 

t-.l-t 

L/)(/1 

3  ~' 

►"•t-. 

0  a 

t-il-  *-< 

f>  Z 

00 

XII 

►-►- 

tH»-t 

ofttr 

OC 

OQ^ 

a-tt- 

aa^ 

Q  0- 

Q'Q' 

00 

oco 

(yaa 

ora 

Q^or 

_1X 

_I-J 

f-n 

ZT 

_J_I 

oc 

_J_(_I 

rr  0 

00 

000 

00 

cc- 

eo 

00 

L50 

eo 

ij>u> 

l^^D 

00 

00 

000 

exists 

00 

00 

MO 

_I_P 

_l_l 

_J-J 

_;_J 

_i_i 

-J_l_) 

00 

000 

00 

oo 

OO 

00 

00 

00 

00 

00 

00 

00 

ooo 

000 

00 

00 

01- 

00 

00 

0  CT 

00 

00 

000 

OLl 

X 

_l 

0 

0 

ro 

00 

0 

0«3 

0 

rj 

0 

0 

oe 

t-IO*-" 

30 

U  UJ 

-11 

3K 

CI3 

13 

Ott 

ft»-l 

Ot-c 

_J« 

-ICO 

Ol-H 

oa 

az 

-l_J 

CU. 

Q'L.i 

ZU- 

0»-4 

<o 

OZ3 

00 

ox 

i_jl 

ao 

aa 

oa 

OLS 

oc/~ 

Ol/I 

01- 

Ot^ 

CO 

0_( 

0(/lf- 

t/1I  X 

(/0(/ 

t/  >- 

00 

OZ 

c  0 

t-*^ 

0  O" 

i/ii 

KOO 

0  0 
2  U 

00 

ouo 

ou 

CO 

00 

00 

00 

CO 

00 

UJLD 

00 

CO 

000 

00c 

CO 

i^a 

(-.C 

-J-l 

-l-l 

^_J 

_J_I 

-i-< 

— 1— i«J 

OO 

Odd 

00 

<o 

OO 

OO 

00 

00 

OO 

00 

00 

00 

o<« 

000 

00 

00 

Ol- 

00 

OO 

00 

00 

00 

000 

OIL 

rsj 
w 


5t»        t>E»        IE>       t>X>       s>t>  I>t»  -HX>  2E>  r>0  C»I»  E>X>  .^I>  X>»  I»I>  X>J>  -*J>  I>I»E»  I>I»i>  1>I»I>  I>I>  Tl-Tl^  "nt*  »S»  J>1> 

a:^)     »c    O/O     ;oc     ^c  ;0T)  c  t)  oxi  xin  xjt)  xi  xi  av  x),xi  xxi  xja  en  tj-oti  zzz  zrzz  zz  X)V:x  xii  ati  -xx           '^'^ 

XX      7>r"     r-r-      Di—     — ^  131  on  mrn  -03  jjrj  -no  ^o  -no  z»  i  j>  do  -^-oa  LOi^  ID^  ("c*  ocoo  i>cD  Oi>  -n&            OT 

&&     zc     t>i.    rfit>     Mn  -<i-<  r-f-  iz  t»-i  CO  o  I  orn  oi>  00  J>3C  ,wa)  ocz  "Ono  Cf-c  -<;o  imx  z;d  cr-  r-r-           a"0 

C  -OO  1  CC  i»  Z  n-i  O  LOO  0                            1^* 

xt>     j>x>     i i»     i>i>     j>j>  i>E»  — ti»  i t»  r>E»  t>i»  i>  i>  ;^)i>  i>j>  ^r>  &j>  — 4j»  j>e>]>  i>c>x>  cpi>i>  t»j»  -Ti-ni>  ti*>  j>*"  j>x» 

OD       -O^       3;0      A)^      AJ,0  J3  O  C  Zl  00  X)Ai  5^  -«  ;0  o^  ^/O  ^«  /0»  C;0  -D-OTJ  ZZZ  2ZZ  zz  ,0/0i  ;Di  XX  XX 

-nrri     -^-4    Tirri     2z     '"HiTi  i»i»  xj i>  "nrn  zz  ^n  n  z  z  '>^o  '■nrn  -^-i  zz  ^i»  000  -<-*-<  m^irn  ocD  i>>»ao  i>j8  rnm  inrri 

12      Tim     IZ    >-Hf-i     zz  ijoo)  -OB  IZ  -<>-<  zz  '-<>-<  orn  zz  ni  ►-<►-<  ;dd  00  t  mrn  n  lii  mn  zz^  zn  t~r-  rr- 

z^rfi*       i^       ^i>      f^i.^       X»I>  t~i»-<  i-(.-1  OJ>  .^O  I»J>  O  Q")  C^W  t»i*  Xi  00  ►-t^-l  -<-<-<  ZZZ  OvJO  »"("  i/)^)0  ^O  I»  i>  J>  £» 

>-"^     r-ii-,     t-t^     j>i>     A)/o  i/)ui  -iJi  f-i^  !>«■  /0/«  i»  j>  i^  -<JA)  ►-if-i  j»i>  -ii/i  zzz  zz^  zzz  i-tf-i  inmi/)  ins/)  zz  zz           '^ 

2^     1/1(0     ^i-<               >-i>-i  ■-<  zi-<  nM  01  i-'i-i  '^'-t  1-1  ccc  i>j>i>  rnmn  00  xix)!-!  ^n  00  00           '^ 

riTs     »-«H-     oc"               i>T>  00  cr>i>  i»e»  -no  >&  •-<•-•  t-o  :i:i  c  ^iTO  i>i>  i-ft-(j>  »-tr»  xi  xx            ^ 

-<c  ^xi  :c;d 

»i  z 


-(0J>  y>io  xjii 

ocz  DMO  ci-c  ..  _     _  _  . 

no  lOto  oot-  an  t>-Di>  i/)2  02  c/)i/» 

n-txi  D«-n  i/)ja-i  r-c  s^-tx  -ti-i  «t-i  "oo 

zr"o  ►-loi*  oon  i~-4  i-Hzw  o"n  i-t-n  rn"-" 

^d/)  00  zi/i-n  ►HO  LOZi/)  ao  jq  -'''"^ 

■■nxe>  t/im  n&h-*  »-*  i/)r»y>  •-tr"  E»r"  *~*z 

_  i^i" 

C      1-1 


^2 

i-l(- 

r-r- 

d»r- 

0^ 

•ox 

cntn 

tjo 

J»0 

-n  0 

-no 

z& 

^i> 

&1> 

zc 

j>t> 

■  nt> 

^-*^-* 

-<1-1 

(-1- 

E»^ 

CO 

0  I 

oi> 

OA3 

»  i 

00 

BO 

^  1 

-n 

ZZ 

O/O 

&& 

■Dl/1 

XIZ 

r-  i> 

^-0 

<cs 

O-D 

OT3 

T30 

rn  Ti 

o>-> 

-*o 

Zt/l 

a  J3 

CO 

^CD 

>-l  i 

ii-i 

BC 

01- 

00 

K 

AJ-D 

z-n 

r>t-t 

oc 

«o 

1-10 

:>im 

0   ►-! 

o(- 

U) 

CiT 

13  0 

Ot-1 

H-*>^ 

-co 

Xr-l 

.■>-( 

i>i> 

-Hf-I 

-tyi 

'^  ^ 

L/)r- 

0 

ZX 

II 

r-D 

-n-n 

of- 

n 

1»J> 

r-o 

-« 

0  y) 

oi> 

c 

h-I^H 

-<< 

0"1 

(-1- 

I>l-1 

z 

Q 

O^l 

t» 

Q 

Tl 

r~ 

-lO 

i-r 

Oi> 

00 

-nj> 

(/> 

0 

^r> 

Z 

M 

i> 

x> 

r-i- 

■^z 

;ox) 

Ti 

►-» 

t» 

0 

1/) 

c 

I>ta 

1/1  J> 

i>» 

0 

i/> 

(/) 

(- 

ri> 

Ojbo 

o»» 

TIB 

-<^ 

Xl-tX 

ci- 

r-r- 

1>D 

t>-DI> 

l/)2 

02 

r-c 

X'-tX 

-••-( 

«t-i 

|--t 

hHZW 

o-n 

i-i-n 

i-*i> 

LOZi/) 

AO 

OQ 

»-* 

LOOyJ 

■-i»- 

Bf- 

0-10 

»-H(-H 

t-* 

Zt-iZ 

J> 

B 

t-i-n>-* 

l/Jt-IC/) 

a 

-IX 

ZZ 

-nr- 

0  J3 

B« 

x  — 

1- 

^ 

r" 

r- 

(TIJD 

IZ 

z  — 

;_in 

■n  — 

JO 

<z^ 

n» 

X30 

•     B 

Of- 

• 

f- 

• 

• 

cm 

3G 

c  z 

c;d 

■-1  X 

t)0 

-1-< 

z 

mz 

• 

■o* 

• 

BT 

I  H 

-IC 

C/ll-l 

LOB 

T)A 

-<-l 

rg 

mn 

z 

7^  — 

-' 

-<-l 

•     -< 

—4  -i 

17)1/1 

00 

•    • 

•    • 

I— 

z» 

(MZ 

Hi 

X 

• 

•    -^ 

•  in 

X» 

• 

rn 

r-  -n 

Z'yi 

00 

,T1 

• 

L 

03 

•     *• 

OCTIO 

mxto 

;^z-o 

IZ 

f-Z(r> 

or- 

■n  — 

i-z 

-0  <H3 

•  -<  0 

nc  3 

BC 

ncfl 

B» 

n-n 

nC 

rnmB 

orl 

0-(n 

-l-« 

v/)-(-n 

< 

tim 

z-t 

mTi-< 

zoom 

I-1-D 

00-1 

LO-im 

• 

z,^ 

O-H 

z^ 

n»   ^ 

£>•    • 

•   « 

•  •  z 

•  z 

r» 

-n-n 

(-     m 

;o 

■n 

• 

• 

CO 
PM 


X 

o 

UJ 

-I 
I 
(J 


C«l 

o-_j 


-'<3. 


Z  LIUJ  _l 

•  1-1  yj'  •    •  LlJ 

►-_)  UIUJ  ►-(/)  ►-    • 

K-J  UJUJ  ►-  ^  t^'U- 

Z50  0  (y  r;ui  ea 

ZOr  L?U:  ZZ  InTQ 


oo 

CO 


UJ  — 

•  r 

lO 

=>>-l 

Oli. 
D  — 


—  -.  liJ 


cot- 


13 1- 

zr5 


I/IO  z>- 

U.Z  LlJ<3 

u  >-  ere 

Z_P  "-o 


—  O 


L-Il 

zt- 


■a  CI 


Ct  0: 

Q  or 


o>- 

Zc 


ere 


O    •      >-  _l      ►-s 
CC       OT       ZC 


OCT 

y  o 
o  >- 


zo 

O'O 

<  I 

OD 


15  _ 


3(J)       »-  t^  • 

C-3       QK  •!» 

-O       ~3       -X 


m  • 
O05 
>-Q 
O  V 


ZZ 
O'O; 
OO 

li-U. 


3  t-  1-.  ^-1 


U-t- 
«JX 


Zt- 

Cl 

Cl 

►-< 

»-i 

z 

(/I 

(/I 

(/I 

(/o 

(/I 

(A 

OQ 

u. 

<i 

i/^ 

U' 

r> 

00 

(/)3 

♦-< 

D 

d 

l/l 

1-iUj 

<I(/) 

^~* 

d 

flr  00 

»-i 

o 

_i 

C/1 

C/1 

dr) 

oa 

a 

_l 

1- 

(/I 

n 

-I 

(/J 

U. 

er>-< 

t~ 

►HO 

OZ 

0- 

^ 

(/I 

_i 

I/IZ 

»-i>-j 

aa- 

(/) 

d 

_l 

ir, 

>■ 

o 

MZ 

d 

(/I 

o 

t-C/1 

< 

otn 

«<! 

l-H<I 

-Id 

UJl/1 

(/  ►- 

UjCO>- 

m 

l-HU 

_i_i 

Ctd 

~ 

-Jd 

> 

o>-< 

I  to 

2: 

Vd 

l-H^ 

hH»-t 

n 

(/li- 

t-Lu 

J  «I 

_JZ 

_IZ 

(J31-1 

u-e 

>->-< 

l-io 

STOX 

rii 

(/ID 

CO 

dO 

zco 

OZ 

(/IT 

L-i-( 

an 

l-H(/) 

a^i-t 

z>- 

l-<»-4 

t-<(/i 

nt; 

Z«-l 

(--O 

>-iii. 

-z 

Cft- 

l-^Ul 

(/'(y 

h-_j 

31-0 

L    Z 

ZZ 

U-U. 

OO 

d  — 

Ud 

li,Q. 

ov 

Ol/O 

on 

arz 

L.Z 

ZZ 

t-iC 

l-Z 

I.  (J 

^-»-t 

tnz 

Ot-1 

U^.Z 

(/i_i 

uj«a 

(/lO 

Q.C.10 

OO 

llJLU 

»-t»-< 

1-1 Q' 

T2 

l-iO 

a  o 

do 

tfZ 

►HZ 

UJO 

(~0 

CO 

TlxJ 

zn 

»-tLJ 

►-■l- 

rD«i 

li-iO. 

(Td 

nru 

>e 

UIV 

OUJZ 

dl- 

_IO 

OD 

■»-> 

ao 

0>-i 

K    Z 

t-Hl-l 

t-lJJ 

►-►-< 

0C(^ 

1-1  i 

(^(/^ 

t/IO' 

ui-> 

oa 

o-l; 

1--? 

ona- 

rnr 

ao 

-i-i 

(Vt^ 

Q  a-u. 

ZQ^ 

l-i(/o 

a-Q 

aru. 

d!^ 

C/1>- 

_1UJ 

->in 

zo 

2_J 

3t- 

(JU 

>  V 

ttd 

>z 

(/n(/l 

■aa 

rn«T 

=>  = 

vr> 

Q-Lll 

>-=■ 

c:«i 

t-Q-l- 

dO 

TO 

OO 

=)0. 

t~t*~t 

dUJ 

l-t^ 

on 

U  3- 

U  d 

LUd 

oa- 

dd 

n_i 

li:0 

TO 

0(/" 

0  (/- 

a'<i 

(/IQ. 

i^> 

«c^ 

<T<I(/1 

CM- 

Od 

oc- 

0(/ 

OC 

u.r 

li.(/l 

U-O 

Vl-l 

_Jt^ 

Z3 

OIL 

aa 

a  o 

O'O 

Zi-i 

UiD 

>o 

uio 

O  T 


nz 
>-o 
zc 

Lii_J 
»UJ 
UIT 


a  c 
ac 
j/u 


IVl-i 

u.  t- 

Id 

-yi- 

d(/l 


OO 

da 

X  d 

d(/l 


dd 

lYO'  (/1t/1 

dd  i-4»-H 

ZZ  mer 

IxJUJ  dd 

(vor  iva- 

d  d  dd 


(/)(/! 

dd  (^(/i  nn 

OO  i-il-.  OO 

>-it-i  tr  tr  ZZ 

ZZ  dd  nn 

arcf  aror  are' 

dd  dd  dd 


»d  nn  >-n 

o  (/.  a  (/I  tt"  d 

aror  a  ar  kql 

dd  dd  dd 


(/la 
e.0: 

dd 


(/ll/l 

nn 


dd 

aa 


(/I  (/I 

dd 


>-n  Od 

(/.»  dC 

OfO^  (/)(/. 

d  d  dd 


(/l(/1l/l 

nnn 
-I -J -I 

ddd 
OOl_* 
ddd 

o  ara 
t-f-f- 

(/!(/)  (/I 

ddd 
CM 

h-QI- 

dd(/) 
(/Jl/)l/^ 
ddd 


(/1(/) 

nn 

dd 
OO 
dd 

a  a 
►-»- 

(/i<A. 


dO 
(_>I 
(/)(/) 
dd 


XD 
Od 

(/)(/! 

dd 


(/I  a- 

d  d 
t-IO 

0  o 

UJT 

_)a 
or 

I/IO 
dO 


oc 

(jU 
(/5C 


dd 

OO 

<Td 


na 

Ol/^ 

t/)(/l 
dd 


(/I  (/I 

nn  (/ic/> 

_I_J  dd 

dd  »-HHH 

0(-  a  o 

dd  lilli' 

era  _j_i 

t-l-  OO 

(/^(/1  i^c/- 

dd  dd 


dbJ 

dd 


l/^OO      (/)(/^      (/1(0       (/I 


d  d 
OO 
<Td 

a  a^ 


l«(/0 

dd 


U-(/l 
l/l(/l 
dd 


dd 

OO 
d<T 

a  a 


on 

li-O 

(/>(.'. 

dd 


dd 
OO 

dd 

a  cK 


dd 
OO 

a  a- 


UJd 
Z3 

(/.</> 
dd 


OQ 

ou. 
(/)t/l 

dd 


L-d 
d  (/> 

a  o 
t-r 

(/Id 
dT 

mv 

dd 

aa 

t/)d 
d  X 


dd 

c^o 

dd 

a^a 


nj 

ao 
(/•.(/) 

d  d 


OO 

dd 

a  a 


u  c 

a  o 

d  d 


dd 
OO 
dd 

a  o^ 


IjjO 

a'X 

(/I  (/I 
d  d 


a-r 

i-n 

(/IM 


u  I 
a  (/I 


CO 
00 


i>0 


03  03 


'\i 


aJ3V      OD  JO      OJ  o 


ro 


SO} 

on 

^  o 

■am 

v/5 


-0J3       "OO) 

-«r     -tr- 


J9  JU       CS  J9       'JD  JD  J3 
O  D      OO       300 


J  J9 
OO 
-1-1      -< -<      n^-1      rrim 


OO 


OO 


1/>L0 


11 


<« 
r-r- 


1/1  X 


Tim 
«  -) 
nx 

t-iC 

1/1 1 


-i  -1 
mm 


2ja 

mm 

•-tTI 


X  n 


^J3 

mm 


-iU3 

i>m 

I/O 
3JJ 


XCD  201  m  B  z  J9  JO  :o  xjo  j^oa  jSijs  jsos  e>»  i>x>  £»i>  i»i> 

t>m  t>m  mm  i>m  mm  i>m  t>i>  i»i>  t>i>  -i— i  c/K/i  f^oo  t/ii/i 

x«  TJ'O  mo  Z2  lo  !>■>  yi<  i»o  -<x  om  (/)i  i/i-h  tn 

ooD  GC  oo  mm  e»r-  oo  - 


2fn 


X/O 
o  J> 


i>o 


IX 

mo 


om    (/)i 

-<f-i    oi     m 


Ol/l 

o-o 

m» 


^  '1     ^  n 


ll/O 

to 


1-1 /O 

t/) 


2JB  UB'B  ZJ)  J3a>  X^  -OOB  0)0} 

£*m  mm  **m  mm  t>in  i»t»  i>i» 

i;d  -1-1  x;^)  -<-i  i;o  ;d?3  -oxi 

ojo  cc  Ofl  cc  ooi  jojo  »j3 

^m  r~f~  ^  n  r"r~  ^,n  :>i»  j>e> 

H/O  »S*  "-<^0  £>I>  ^/U  ,«/0  /C/U 

i>t— t  t>t-*  i>M  mm  mm 

t/1                             1/1  L/l  &  I*  t>  t* 


uaue 

r-f- 

yii/) 

^^ 

XX 

(SI.-NJ 


XI 


^1/1 

x);q 

r-r- 

Ull/) 


t/1l/) 
-i-i 

(Din 
i>t> 
rr- 

cc 
1/1 1/) 


4/11/1 

/o;»3 

(-r- 

i/ii/i 


C  2 

m  X 
r-i-i 
f-yi 


J  BO  v/li  l-ljC 

O  QX>  ^C  Z£» 

/om  o  r-r-  -it. 

o<:^-*  E»-i  mo 

z  i>  o  Ti  -q  _t 

£>  0-<  Of-1  1 

-ifHC  r- o  o 

G(/)L/1  ^-ic  *-i 

l/l-l  C  1  E> 


l/)0 

om 

OZ 

t/1l-l 
-•m 
mr- 
I-  o 
o« 


t/)v) 
oo 

I»  c» 

2:^ 


mm 
Z2 


/O/O 

o  o 


mn 
0-0 
mm 
zz 


T3T3 
GC 


mo 
00 
zo 

»-lO 
Z  1 
I>Z 


zz 

mm 
fl  ti 

00 


X<D  J»J»  i/1<; 

j»r-  00  -HC 

t-t>  CG  jof- 

r~z  t-H— *  HH  r> 

i-io  mm  0)> 

-IG  00  -I  O 

(—  r-f-  i»i-i 

o  "-I*-!  o 

C/)  GG 

t>  IX 


&0 

J/« 
m-t 
^i 
no 
00 
i>m 


-II 
mo 

,t30 

m,^ 

ojm 

i-<  o 
Z" 


o  T1 

<i-i 
or- 
i—i-i 
ox 
(/I  I 
om 
om 

G2 


oi 

zn 
Z-l 

mz 
cm 
z-< 

Gn 


l/)-» 

ixn 
f-x 
am 

>-iz 

Zt/l 

<r>i-i 
»-iiyi 


i/O 

j>o 

003 
O  JO 
Ci-i 

zz 

HHt/l 


t/IL/l 

T30 

m»-i 

O  1 

MZ 

m-1 


m  i. 
-«m 


L/l~ 

Z-II 

D  — 

rxTi 

X3 

M 

'11- 

1    ,1 

nx» 

0  J1 

•  ^ 

TIG 

r- 

t>C 

DO 

mc 

m  I 

TC> 

f-2 

• 

mi/i 

^-(,0 

./)  ^x 

00  ri 

•    -< 

f-rx 

— 

•   yl 

I—  iB—  nr-  zi~  mo 

OX  mo  •  -I  G«  m « 

oo  zo  z  -t  om 

?^a  -ic  oo  -I  am 

•  ^  i-t  or-  •  m^ 


(/1I 

z  0 

^-« 

Z  0 

I.-D 

;or- 

— z 

X>*i* 

CTO 

—  -0 

;oi 

c»0 

G  C 

IX 

GG 

C- 

■<  m 

IG 

-11- 

0-0 

0  1 

•<  B 

■00 

-1  0 

00 

-il 

H 

ao 

0-1 

-H» 

mi> 

mo 

OH 

07^ 

-li/l 

X.  E 

-«l/l 

XJO 

uo  "n 

0-1 

«■» 

m-< 

07^ 

CBl/> 

•    • 

•     X 

•     1  M 

•     X 

O/U 

•  j^ 

-s» 

• 

^ 

J^ 

•    • 

—  1- 

X>' 

• 

• 

JO 

m 

— 

r~ 

0 

— 

-10 

-I     J> 

71 


I  — 

-<o 
o« 

X 

or- 


CO 
(NJ 


a 

z 
c 
a' 


rvj 


I/) 


a:        i-c 


UJ 


»-IT 

■p: 

vry 

• 

-Jt- 

z 

oa 

V    • 

«J2 

Lu 

Clu 

ou. 

l^lj' 

•  Q 

XT 

0<r 

~fr 

Jl/l 

_t^ 

TO 

U;                     z                     z  cr                                  .  zi  _i  .                               .  •  ?i        • 

zz     _ii>r     Di<r  i-it     u.    •  >-to     u^-i  luj^  «.  ujir  i  uj  xt-  UJiu  2>-  tui     V  ^     liu  i<ri^  X3  uiu  ex 

o  a     xu    «io  oo     q.Oj  «t-     iii_i  xzo      •  zfc:  z  co  aui  «  z        oo     on  oo  «Uj  ofii-i  u. 

U  U'      «a  «r      Id  o«3       LTC  O  c:       fv  Ll.  C^_J«I  _J    •  _J<I  •_)  ►-^C  t^a  •'^  J    •      cr   «      C  t-'  «3«a  X  ^-  UG'  C    • 
-  -^  -  __,_j  Qj.  _l5  _____  ^_  .    .-             -  - 


U-ti. 


31     ~r     trr     —a-     ls3     ox     i^c 


xcn     wo     «— ■     o_i    I  I     OQ.     n     o</i    — o    crj 


lU^ 

XUI 

cll 

Zl- 

OO 

d 

(/) 

»-lll.l 

<I 

<i 

«_J 

to 

1-1 

1-1 

u. 

(V 

^-t 

<i 

d 

z 

CJ_1 

d 

d 

»-t 

a 

1-11-1 

d 

i-nn 

«i 

c 

U'l- 

i/)t- 

to 

d 

1-1  >. 

t-id 

Z 

t^ 

d»-i 

Zl-1 

o 

k-UJ 

-lo 

I.X 

u^ir 

o_J 

1-3 

nO 

O 

»- 

i:i 

_1 

1-1 

d  t^  O 

dd 

d  Z 

_lt-i 

1-1  Ll 

»-4 

d 

Zi-1 

_!►- 

or> 

MIU 

l-li- 

«I0 

-in 

-1 

Z 

c^a 

OW 

1-t 

ZU  C 

1-1  _) 

ri» 

OO 

_)&• 

a 

Z 

Luc; 

L-  «3 

O  (V 

n'c 

<j»-i 

oc 

>-.li- 

a  _i 

I-hO 

CO 

li.w 

V 

dOQ 

ZO 

dZ 

oo 

K  C 

cod 

»-id 

MU' 

II- 

oo 

•aw 

_1C1 

UJ>- 

>-»- 

1-  »-4 

i-ir 

U-W 

1-1  _l 

o<i 

>-zo 

dd 

tlJO 

t-iO 

l-lO 

XO 

wt/n 

_!►- 

on. 

CJl-' 

fc-^- 

o=> 

r  z 

_IU 

aiA 

ClO_ 

VW 

i-cr 

C>_J 

I-IU 

Lud^ 

arer 

Ol-i 

_lO 

l-_l 

tJt/^ 

oc 

Od 

(/>i/- 

_JD 

oo 

-jii' 

C'« 

dZ 

^er 

(i;<l 

0>; 

_ia- 

OQ 

tot- 

3_ja 

dd 

>-0-' 

_IU. 

z_» 

1-1  b^ 

■z.^ 

r^J 

^<I 

U.'Ui 

=)«j 

ror 

at-i 

OD 

i-a 

«<» 

do 

OV 

3r> 

UIOUJ 

tyckr 

d2 

dty 

UIUJ 

u  o 

Ol-' 

Off- 

0  o 

l-t- 

:>_! 

CIO 

ac 

«i  to 

«Uj 

erio 

uo 

U_J 

o_i 

cr(ri_j 

crr< 

TZ 

xo 

_IV 

_ito 

_ia 

_P<i 

dd 
»-0 

toct 
Cd 
oO 

^       O   1-1       dQ_        I-IV 
l-X 

o«i 


1-1  lij      1-111' 


t^l-i 
>_l 
I  t/ 
OU 

dor 

o  a 


l-iH 

>o 
a'u 
dty 
e  o 


vto 
zo 

luZ 

ai-i 


z 

dd 

Zd 

U'UJ 

Zd 

Z2 

U-Uj 

dl 

dd 

UjUj 

U.UJ 

UJU. 

UJ 

UiUi 

WIH 

-i_i 

1-t  1-1 

kHl-t 

_l-l 

i-iO 

1-11-1 

-l-l 

-l-l 

^— J 

o 

dd 

totn 

to  1/1 

xiy 

_j_i 

riy 

rT 

_l-l 

tyi-i 

to  to 

_l_l 

_I-J 

-1-1 

t~iw 

oo 

or- 

dd 

»-ti— 

>-v 

X  X 

XV 

d  d 

dd 

^-tl-H 

XXV 

dr- 

XX 

XX 

X  X 

to  to 

1-41-1 

XX 

X 

X 

1-11-1 

XX 

XX 

1-*^^ 

X  V 

OC 

n 

r  X 

£->- 

!-►- 

u  u 

u<u 

UiLl- 

Cl- 

CiO 

1-1- 

LLfU  UJ 

Ol-l 

UlU 

U'UJ 

U'UJ 

dd 

¥-h- 

UjUI 

11 

U.' 

t-t- 

UjUI 

UlU' 

l->- 

U  UJ 

o-o' 

dd 
OO 

OC 

oo 

oo 

tiZ 

to  1/5 

Q^O' 

Q'Q' 

ara 

orz 

liror 

l/io 

QfO-  or 

Q?a 

a-a 

oror- 

oro' 

XT 

ir.in 

OJ'tt' 

0' 

0- 

t/ito 

QfO? 

oro' 

lOC/' 

rviv 

(VO 

tyty 

<3\xi 

dd 

dd 

^<i 

dd 

duj 

dd 

dd 

ddd 

dui 

dd 

*i^ 

dd 

dd 

dd 

dd 

d 

d 

dd 

dd 

dd 

dd 

(Tiflr 

eoen 

ep«r 

a)C- 

OO 

OO 

OO 

OO 

OCl 

OO 

OO 

OOO 

o_j 

oo 

oo 

oo 

OO 

OO 

OO 

o 

o 

oo 

OO 

OO 

OO 

f^ 

tviv 

cv.fo 

(^, 

CM 

fvjfVJ 

r^t\j 

J 

r. 

CM 

IT. 

MtM 

<v 

«VJ 

CNJ 

IV 

c 

UJZ 
O  1- 
dd 
•_)C 

•U' 

ao 

o<i 

o 

UJUj 

Od 

ZtJf 

Ql-i 

OO 

d 
1-0. 

dd 

o 

dd 

c>- 

OO 

UJOUl 

oo: 

«o 

dO? 

UjUj 

(A 

Ol-i 

Off! 

^ 

UJ 

1-1  a" 

o« 

dor 

ac 

ao 

>-*■ 

>_) 

dO 

dC 

dto 

du 

trt/i 

O'O 

o_i 

o_i 

ccr  _) 

oc 

xz 

X  c 

_i^ 

_JtO 

_JD 

_Jd 

X 

u 

lO 

za 

o  o 

Q-O 
dd 

too 

OLa 

aa. 

aa 

dUi 

d< 

dd 

dd 

dd 

«U^ 

dd 

dd 

ddd 

dU 

dd 

dd 

dd 

dd 

dd 

dd 

d 

d 

dd 

dd 

dd 

mtr 

XCP 

cr  CD 

OC 

OO 

OO 

OO 

OO 

OO 

OO 

OO 

OOO 

o_i 

OO 

CO 

OO 

OO 

OO 

OO 

o 

o 

OO 

OO 

CO 

(DO 

CTO 

oo 

oo 

CTO 

OO 

oo 

OO 

ooo 

OO 

OO 

oo 

ooo 

oo 

oo 

ooo 

oo 

oo 

ooo 

oo 

oo 

oo 

OO 

oo 

or- 

oi- 

mr 

o(- 

or- 

MH-I 

Ml-t 

MM 

t  itHi  ^ 

Mf-H 

►H  M 

MM 

f'lrnrn 

rnrn 

BB 

BBB 

»B 

BB 

BBB 

BB 

BB 

BB 

CB 

mB 

0(/» 

OI» 

-Ow 

r-t> 

o» 

BI> 

|-< 

T)-t 

O-D 

ji>-n 

<o 

t>o 

■o» 

CSBZ 

IJ1J> 

m< 

Zf-M 

Ml/1 

-ni/j 

r>0(/) 

ax 

vx 

r-x 

»a 

■^  o 

OT» 

m» 

x>Z 

MX 

I>2 

Z2 

1>C 

rai 

o» 

x>oo 

&0 

zm 

>r 

mmo 

-t» 

xm 

BOO 

mc 

OM 

^»o 

xc 

mo 

bZ 

fvlC 

mc 

OU 

■^x 

« 

r 

O 

O 

i> 

z 

U 

*• 

M 

MU1 

f\> 

r\)M 

rj 

B 

M 

n. 

CIO 

(DO 

oo 

<nri 

1.10 

OO 

oo 

oo 

ooo 

oo 

oo 

oo 

ooo 

oo 

oo 

OOO 

oo 

OO 

ooo 

oo 

OO 

oo 

OO 

OO 

or- 

or- 

ni(- 

or 

or- 

nil 

MM 

M^-« 

MMM 

Ml-I 

t-t  H-» 

MM 

nrri  rn 

mm 

BB 

BBB 

BB 

BB 

BBB 

BB 

BB 

BB 

CB 

mB 

al* 

0& 

ZJ» 

ai> 

Ol> 

XI70 

»5o 

;o;o 

xx>;o 

oo 

;c;o 

;o« 

/»3/0;o 

XX 

XX 

r-f-(- 

XX 

;o;d 

«;o;o 

XX 

zz 

C/ll/) 

BZ 

z;g 

i-n« 

m;o 

O;o 

rriX) 

m» 

l/ti/) 

i/)i/i 

(/)i/) 

t/icoci 

CC 

c/)t/) 

oo 

OOO 

j>t> 

■nm 

ooo 

mm 

mm 

mmm 

mm 

TJ-D 

MM 

ZB 

MO 

-t^ 

-1^ 

-»,»; 

-1^ 

-1,1^ 

l-HtH 

MM 

MI-»M 

MM 

j>i> 

ooo 

(/)(/) 

XX 

ooo 

XX 

XX 

XXX 

XX 

BB 

Mr-I 

t»</i 

tn> 

HfH 

t-*h-» 

IM 

^-»t-< 

^HHi 

CC 

CC 

CC 

ccc 

t»I» 

c  c 

mm 

ooo 

-t-t 

III 

zz 

i-r- 

1/H/J 

/«Z 

o 

l»I> 

t»I> 

70 

I»T> 

bB 

zx 

X2 

zz 

IXTt 

z  z 

t>t> 

BOB 

ccc 

MM 

CC 

zz 

ooo 

X3XX 

CCC 
C/1(/JC0 

i-r- 

f-r- 

mm 

BB 

MM 
BB 

*MM 
BZ 

m 

m 

z 
c 
I/) 

UB 

f-B 

OB 

BB 

r-«s 

•OM 

O-D 

OBm 

«a 

BO 

■Ob 

ajBZ 

l/>B 

m< 

zr-M 

Ml/> 

mi/) 

OOl/) 

OX 

"0^ 

t-x 

BO 

M-0 

BZ 

MZ 

BZ 

zz 

BC 

OI 

OB 

yOOO 

BO 

zm 

Bl- 

mmo 

M,0 

xm 

BOO 

mc 

OM 

-<BO 

»c 

mo 

BZ 

fNlC 

mc 

OO 

zo 

CO 

OO 

Zf 

r-m 

Ol/) 

CBr 

CTC 

mz 

o-o 

MMZ 

x<. 

(/)i/> 

lOJf- 

ZJ9 

mo 

zzo 

c-0 

-t-t 

cm 

CB 

z(- 

I/)  I/) 

Mm 

om 

xim 

mrn 

oo 

-<m 

MM 

ZCM 

BO 

X  M 

CCM 

Mm 

MM 

mcDZ 

m"n 

zo 

z-o-o 

zm 

MC 

MX 

;oz 

mo 

"OO 

mz 

r-z. 

MZ 

zz 

mB 

-oo 

OO 

zi-o 

21- 

M  B 

-nz 

f-r-B 

oz 

oo 

BMM 

»c 

mB 

o-<c 

Zl/) 

OZ 

BM 

mB 

i-i 

m»-« 

MB 

mB 

ZB 

BB 

o« 

i-< 

m;^ 

omi/i 

l/)B 

OC 

MB 

ooz 

Ml/) 

OB 

ZMm 

Bl/J 

BM 

of-i- 

OM 

r-o 

■n 

BLO 

f-m 

om 

o 

■< 

B 

t-m 

■<M 

2m 

2,^C 

I/) 

»x 

o 

MMC 

cm 

1»X 

C        M 

mo 

B 

r-oo 

Z/0 

BM 

o 

z 

t>X 

mZ 

B 

M 

B 

t- 

Ml/l 

ooz 

M 

z  m 

B 

OOl/l 

z 

-^•^ 

l/J 

-HB 

■»nx 

OM 

M-n 

f— 

X 

mM 

M 

r 

B 

Mm 

IM 

C  B 

mm 

BB 

o 

OBC 

Ml/1 

BO 

M 

HH 

</)M 

C 

c 

r- 

^-^z 

zm 

(/)(/) 

X 

b;oz 

B 

r- 

B 

z 

-n 

Z 

z 

m 

I/) 

z 

M 

-0 

B 

Z 

B 

B 

B 

mM 

TJO 
M 
MZ 

IB 

mz 
Mm 

o  r  o 

B  M  B 

O  Z  c 

M  O  » 

-n  r"  M 

M  m  2 

o  ■<  B 


z 

B 

a 

c 

M 

r 

o 

m 

M 

1/1 

I/) 

o 

fA 

m 

M 

z 

z 

i/i 

c 

z 

c 
(8 

m 
;o 
n 

c 


C  2 

/D        m 
m       (- 


l/)-0 

-0  — 

o-» 

J»«« 

o— 

I  — 

».;o 

xc 

zx  — 

o— 

««  «« 

Bf- 

«»z;o    r-r- 

TJC 

m  ■© 

oo 

OBB 

•  f- 

Ml/1 

«-< 

B« 

B«     I 

«o 

o;0 

l/)» 

/OCB       •    • 

B« 

om 

CO 

X)dB 

m 

rB 

-<o 

t- 

Ol/IO 

mo 

X-i 

O 

-<Mm 

0(/> 

P^O 

OC 

BXI 

ox 

r-< 

OOl 

(-M 

OBOO 

m« 

BO 

X 

OM» 

zz 

« 

r-gi 

ZB 

oz 

►-« 

ua» 

• 

AJI?^ 

^  — 

-*  gB 

• 

IS* 

*• 

•  r 

I/IZ 

2« 

«• 

• 

•    C» 

m 

<■*  • 

• 

• 

l/l 

** 

t^ 

I 

z  — 

o 

••m 

■N 

^ 

o 

** 

m— 

B 

O 

• 

o 

O 

• 

X 

Z 

^-4 

X 

z 

o 

c 

BX 

z 

u 

o 

o 

m 

;c 

m 

m 

o 

(- 

2« 

B 

m 

f- 

• 

■o» 

(- 

■< 

M 

(- 

• 

M 

Mt/l 

o 

X 

• 

M 

1/1 

1 

;a 

r 

• 

mo 

1/) 

r- 

Tjr- 

• 

1/1 

• 

1-  I 

• 

I 

• 

m« 

I 

■s 

l/IC 

M 

;d 

^ 

B 

•   z 

M 

z 

X 

X 

XI 

• 

O 

M 

M 

z 

o 

z 

M 

M 

B 

I/) 

o 

O 

o 

o 

m 

• 

X 

o 

Z 

o 

OB 
X 

r-TJX  ZlD 

mc»  BO 

M»  OO 

OO^  XM 

i-«  •    M 


HI 
OOO 
f-(-f- 

zzz 


OB 

mr- 


ax 

IM 

•0— 

•  -< 

IX 

CO 

o 

r-m 

xc 

ZCB 

f-f- 

l/l/O 

n» 

I'li- 

0.1/1 

r- 

;Dm 

I 

M  O 

0  I 

1  o 


I 


CM 


o         n 


>  t/7    • 

UJ  _jon 

ZU.       U,_l 


aui 

ujU' 

i-ia 

a.u< 

a>-i 

o&' 

"0 

—  o 

U.Z:    <iD-     oo  «     _j 


o 

^ 

« 

t- 

^ 

a 

C/^ 

or 

^ 

• 

• 

t- 

^ 

• 

r- 

o 

• 

«~ 

o 

<I   • 

T3 

• 

«i 

Ul 

«.. 

cr   • 

• 

• 

> 

2 

3    . 

i^ 

• 

—  L 

• 

t/ia 

m   • 

_J 

V. 

v.(/l 

• 

«  • 

>-3 

V   • 

or- 

i-      • 

•>--r 

rr  . 

►-H(/l 

t-v. 

r  • 

• 

h-4 

>(/! 

-Iff. 

^« 

(/  t- 

CD 

•lO 

t~y- 

<JUJ 

t-_i 

_it-i 

it- 

23 

• 

> 

•o 

«a 

_JC1 

•    • 

<at/^ 

•  C 

ax 

■Dt- 

auj 

>-X 

<3  _l 

3a 

l-HC 

t-c 

II 

Q  Ul 

u  > 

_IC 

Iter 

I>- 

tro 

rr 

oo 

cu 

tn<i 

•-3 

_1I 

** 

o 

_o 

o-> 

va 

—  c 

—  ijj 

—  or 

—  I 

«-? 

wO 

ar 

—  (/I 

o  z     w_j 


«I 

»-t 

1/1 

al 

OQ. 

t-f 

o 

act 

1/1 

(/) 

<i«i 

>-ilij 

a 

»-t 

<t 

UJUJ 

Ql-I 

D 

«i 

V)(r 

I 

U. 

«<! 

<3  <1 

<I 

_l 

T 

■Z2 

1/1  t/l 

<x 

ft" -J 

(/10 

o 

(/I  (/I 

»-t 

<l<t 

o 

H</1 

Z_l 

l-T 

fc- 

<IO 

d 

a 

_l-l 

l-tl-< 

O' 

Ujcr 

crcl 

<I 

di-H 

l-tK-t 

<i 

KH(/1 

t-**- 

l/l 

1/1  tt' 

(/IT 

KUI 

«_l 

t/^i(/< 

<!►- 

<t 

(S]U- 

fsi 

Uj 

OO 

(/ll/l 

>-l 

c 

U-»- 

_JZ 

>-t_i 

^- 

I-  Z 

OO 

1/1 

1/1  l-i 

o«i 

0(/1 

OO 

OO 

^•-1 

K4l-t 

t-**-- 

_IZ 

_l 

►-<n 

t-^ir 

a.«j 

^>«3 

zz 

«>-> 

_)<I 

t-iZ 

oar 

irt 

O  -1 

<I<1 

<jttr 

l/ll/l 

o 

u-ty 

Lil_l 

t-O 

^^ 

»-<»-* 

luO 

crc; 

-i_i 

C« 

O 

ic- 

Tl-l 

lAC 

>-l»-^_l 

lj_LU 

zv 

U-  _l 

ZUi 

<IO 

C/10 

CUi 

_itr 

_lO 

r  r 

o 

C1<J 

1  O 

<l  >< 

C-U- 

r>  0 

»HUJ 

ri- 

^-^^-' 

u;l/1 

UJ<I 

(J-l-l 

0:_) 

«Q 

Q-ft'_l 

□  c 

<o 

»-l_J 

OO 

ou- 

>-ll/0 

t-t- 

_)>-i 

_IU- 

OO 

tc 

-l-J 

Q^O 

V-UJ 

UJ»-< 

«i«i 

oo. 

rr>- 

OO 

o>- 

(_  5> 

cl_l 

<S<I 

(JX 

ocuj 

<I«1 

Ll  1-^ 

>>- 

_Jt-t 

•ai-i 

=>c 

OC/-' 

UJ-J 

ii.»-i 

OO 

1/1  >-l 

OO 

UJ»— 

(/l_l 

0=" 

Q.Q. 

nt/) 

_IO 

<I<3 

2Q- 

ZU 

o_i 

o> 

OO 

■a<iz 

ZZ 

1/1  (/I 

Of^n 

OO 

cr_i 

Z_J 

ZM 

er_i 

ff_i 

a- or 

Z-l 

o> 

l-tt 

HU 

-lor 

OO 

oil 

Q-O- 

•IT 

<u 

Li-UJ 

UJ>-H 

_IC 

OOUi 

<t«I 

«II5 

«I3 

►-0 

oa 

UJW. 

>-l(y 

T<! 

ra 

L  >- 

0>-^ 

zo 

tt-Z 

ia 

OO 

c;> 

oo 

_IO 

—10. 

roc 

r  r- 

Q.C 

OOl- 

OO 

OO 

Q.O 

(/10 

(^O 

1-Q- 

»-« 

oa 

r-c 

OO 

C-l^ 

e?Qr 

l-HT 

«Jl-l 

oc 

iy>iA 

C/ll/l  >-t-l 

>-••-.  <l«i  Z2 

fc-l-  t-Jl-H  OO 

do  yfc-  i-i- 

rr  oru-  >->- 

UJU  «3  O  dd 

-l-J  -lO  _l-l 

OO  0(JJ  OO 


dd       <I<I      <I<I      <t<X 


ZZ 
OO 

>-*■ 

dd 
J_l 
OO 


y  > 

dd 


>-  > 

dd 

OO 


t/^ir  dd 

— i-J  Z  ^-^»_^  hnft-i 

J— J  <ldd  O  _jj  t/.l/'. 

li^U.  *-(i-it-^  dry  dd  ZZ      t/ioo 

oc  O^U  U.  >0  V>-  _)_!      ZZ 

UJUJ  doo  z"-"  o'ti  _i_j    ad 

_l_l  _IOO  OQ?  oc  OO      oc 

OO  OOO  OU(  OO  OO       OO 


Hl/l 
OO 

_I-J 

OO 

=>> 

_I_J 

OO 

2>:> 

ZZ 

OO 
OO 


•Ul                    O  O  _  -  _ 

do              OUJ  ffor  dl  d_J  UjUj  U.>-i  _io  OOUI 

o.  o            o>  OO  _iL  _iu  to:  tz  ao  co»- 

(^  U              _i_J  _IO  _J_i  _J_I  _l_l  _J_|  _J_|  _ioo 

OO  OO  OO  oc  OO  OO  OO  ooo 


evjco 

dd 

o<- 
oa 

OUI 


«IO 
OO 
OO 
OO 


o 

dO      t-O  0«I 

Q.a     I/O  (/vo 

CO    oo  oo 

OO    oo  oo 


l/ll/l 
oo 

IT 

t-t- 
zz 

dd 

w 
oo 
aa 
oo 
oo 

fvj 

^- 
Uil-c 

i-a 

CO 

oo 


dd  dd 

>-i»-H  ct  (X 

r  T-  oc 

oo  ZZ 

_I_J  dd 

_j_i  rr 

OO  oc 

oo  oo 


dd 

a  a. 

CO 
ZZ 
dd 
ri: 
oo 
oo 

Ul 


a: 

d  d 
TI 
t-O 

zc 

dUI 
l-Z 
C  Ul 
>-UJ 
tto- 
OO 


r  n 
ruj 

dX 

ai- 

oz 

Od 
K    -I 

ai-H 

>-UJ 
Q-T 
t50 


OO 
OO 
UJU< 
dd 
»-►- 
dd 

CKor 
oo 


dd 
XX 

zz 

dd 

CLO. 
>>- 

o<i 


oo 
c  o 

UIUJ 

a  o- 

>•  V 

oo 


oo 
oo 

U.UJ 

ao 

Q  Or 

Q.a 
v>- 

oo 


1/1 
o 

a  d  r 

U.t-'  (/lO 

►-  X  o^ 

e  >-  (/ik- 

c  or  •"•(*■ 


OQ 


o</i 


i-iQ.  Sd  Id 

t-d  oa  oo 

oo  oo  oo 

oo  oo  U(J) 


KHI-H 

OO 
orCk 

oo 


Or  a  a  y 

uj^^     o>-"  zo  (XZ  «»d  OQr'  oo 

ci/1    oar  "-ii  dt-H  oa  Tu.  i/ ui 

Oil     ora  oro  >>  >•>  vt-  >-o. 

oo     oo  oo  oo  oo  OD  ot/ 


mm     n  rn    mi-n    -^m    mm  (/)m  i/)om  caa    oo    oa  oJ    oo    oo     ao  oo  oa  oo  oca  t>o  c/ta  i/>o  oo  oa  oo  "oo 

rr-    (-  r-    rr*     i»r-     oo  m<»  rnmco  ;c;o     xj«    xtj  w    pan    xijo    o»  oo  oo  oo  oo  oi-t  om  orn  mm  mm  mm  -(-<          ow) 

:ri3    »  m    oo    j>o    oo  ^c  i>i>i>  zci    i«     tjz  crv-t    •oo    r-i»    i-»  t-<  o-o  oz  Hu  ii  fli/)  -oi/j  nfl  r-z  ooo  -n          ofl 

»e.    » r-    Om    l/»»    »«  &«  ccc  i-i-<    Mm    i»c  f"z    mm    oz    oo  MM  c&  mM  mm  oo  »o  xo  om  mc  or-  mm          o-o 

m  so                                                                       j»o  o  MC  "n  r*  ci  mm  i*"!* 

(>*  ro  (M 

mm    m  m    mm     -im     mm  i/tm  i/iom  oo    so     oo  oa    oo     ao     zo  oo  oo  oo  so  "Oo  (/>a  (/)o  oo  oo  oo  "OO 

r-i-    r-  (~    r-r-     &f-     oo  moo  mmga  .«.»    a>m    «/o  ;<i;o    ;0/q    /g;o    oa>  oo  oo  oo  oo  ^m  om  om  mm  im  mm  h-< 

mm     -<  ■<     -<-<     m-<     ii  ;oc  ;o'OC  i>i»     &i»     i>i»  j>j>    i>i»    oo     i-&  rx  oo  cc  oo  ot/)  tx/)  •Oi/>  i/)ti  fr-  r-i-  m:x 

oo    i  i    ix    zi    M-«  i>-\>  bX/O  jood    oBjg    oo  jaos    OBca    >/ii/)     oo  zz  mm  <r><r>  mm  i/)-o  xo  lo  oo  -o-o  "O-o  ^o 

oo    (^  c    cc     MC     ^z  80  oi>o  i>j»    »!»    uo  t*i>    »!»    mm    j>o  mm  oo  '~t~  oo  »o  mc  mc  cc  xx  xx  -<^ 

XX     ui  I/)    (/)fco     i»to     oo  MT>  M(-T3  oo                         ^A>     <o  zz  J>»  »*»  j»»  ^O/C  j»;o  »;o  ;o;o  mm  mm  xm  <r> 

j»»                         M       oo  i>x  BBi  mm                        j»»    Mm  oo  -t-n  ijma  ■^-4  -<c  »  &  »»  zz  zz  Mm  m 

X);d                         I        II  i/i-<  (/)z'<  "DT>                                 o-o  MM  II  MM  IX  mx  m  m  mm  mm  mm  b»  z 

MM                      m       f-i~  -1  H-i  XX                              »x  j»»  mm  »»  mm  i/)  z  z  zz  cc  cc  c  c 

(/>(/)                                  /Q           oo  O  xo  S>»                                                   B  oo  oo  M  M  MM  XX  XX  (/I  (^ 

G       »i>  z  mz  i-r"                                   r  zz  zz  »  »  i»i» 

X  x>  cc                                  c  z 

»  XZ                                                   X  » 

z 
m 


J»»l»      Zl/)      XX)      UZ  OM 

ccc    MM    Mm    »c  (-Z 

i/)t/)i/)    Hm    0*0     X3M  i>o 

-^MM    MZ     /gM     «-i  om 

*-(»-^h-i    oo     »B     MB  i-h;o 

zzz    or-     2Z     -nc  j»-i 

»i>M        o     -^i/i     r-r-  r~t» 

mm*        QB     X        o>-»  t-i        -^i~     r"  m        t-#o 

m         »     &        ;0M  I/)         BM     M  M  ;o 

c  B    B  m  c 

X  Z  X 


Ifl 

B  m 

OO 

BO 

oo 

BB 

;o  (- 

OM 

l/)B 

nn 

Dl- 

m  B 

zz 

"O-O 

CC 

;dc 

z  « 

om 

mc 

i/)to 

Ot/) 

M  m 

m;o 

»M 

oo 

t/lM 

O  1/) 

zm 

C   1 

BB 

M^ 

o  o 

(/)C 

XX 

r-t- 

BM 

r-  m 

BW 

m 

t-r- 

Ol/l 

B   Z 

-1 

O 

MM 

flO 

r-B 

t-< 

o-o 

oz 

mm 

oz 

»-»M 

CB 

mM 

oz 

zo 

f-Z 

;/)C 

z<: 

Ml/J 

oi- 

l-B 

MO 

-<B 

►-•H-l 

(-*l-l 

B 

OM 

B(- 

zm 

-no 

X 

^-n 

HM 

BO 

OB 

m 

Mi- 

Bl/) 

•HU 

XX 

-0(/) 

mm 

oo 

BO 

-^-n 

oo 

^■0 

/o-n 

^,^ 

<:x 

b;q 

mm 

»-(»H 

zm 

-D^ 

-nB 

o-c 

MM 

r 

;^jM 

O 

c 

/O 

X 

B 

;<»  c 

c  tA 

X  M 

m  o 


n-Q 

rz 

coo 

HH 

OM 

MC 

or- 

mm 

ZZ 

ZM 

OB 

»« 

i/»t/) 

oz 

mM 

-oc 

mm 

-DO 

MB 

BB 

CO 

0)03 

mM 

T3M 

•or 

(-C 

t^M 

om 

mB 

mr 

OX 

ZZ 

MZ 

o 

MM 

^ 

"^M 

m-i 

t-4 

BB 

G 

XX 

l/)M 

O 

r-z 

X 

MM 

m 

m 

cc 

ZZ 

mM 

r- 

xz 

BC 

-oo 

1- 

<<1 

fH 

» 

MZ 

-i 

XB 

» 

mx 
Mm 

■n 

f- 

o 

m-n 

M 

*-l 

r 

oo 

r 

z 

» 

mm 

< 

M 

m 

G 

zz 

B 

-o 

B 

o 

MM 

PO 

m 

■0 

G 

OO 

h-t 

(/) 

m 

M 

Z 

?^ 

m 

» 

BB 

B 

r- 

OO 

r 

c 

mm 

X 

BC 

m 

•0 

M 

M 
Z 

m 

CD  — 

■0 

i/j 

■oto 

««i- 

X  — 

r-l 

mo  — 

A)r- 

l-» 

o 

;oo 

t/i» 

•  t- 

•  m 

b;0O 

M« 

r 

;c 

mt) 

M 

• 

r- 

-ib;o 

M  — 

o 

t-* 

1/5M 

X 

■n— • 

f- 

•    -<B 

M 

m 

IS 

|-JS 

o 

• 

Ml 

-< 

•  ;o 

-o 

Z 

•  z 

z 

03 

;n 

•^ 

« 

• 

^ 

xm 

m 

B 

MB 

X 

x> 

•s 

V 

*-l 

oc 

m 

IflC/l 

I/) 

z 

M» 

(- 

X" 

X 

m 

z 

m 

B 

►-» 

;o 

m 

;n 

-OB 

o  — 

X(- 

—« 

M  — 

(O— 

r,^ 

m-o 

/OO 

BM 

l/)B 

0-4 

Ml- 

o-o 

m» 

MZ 

cz 

»o 

B« 

09 

Kf- 

mm 

C/)0 

^ 

»;o 

z— 

OB 

m 

zm 

•  r- 

l/)X 

•     /*! 

U 

o 

mz 

• 

oo 

• 

i-x 

• 

m 

•  c 

•M 

M 

z 

•  m 
OD 

oa 

z 

mm 

»-• 

• 

» 

X 

o 

(/I 

z 

o 

o 

o 

z 

m 

m 

m 

o 

X 

z 

z 

or-  z—  zoo  c/)-o  ;dz  bi  bi-  -ob  o—  xi~  —«  m—  co—  nx  t/i—  m—  ox  x  — 

^m  Gf-  c;o  mB  -<g  cc  o«  m-o  /Oo  bm  i/jb  o-4  mc  •  m  oo  xm  ab 

mo  MB  MM  z-<  OM  MO  B  o-o  m»  mz  cz  x)o  b«  ob  i;o  bx  b-h  -H' 

mm  MI  MM  (/></)  OM  x</)  z  Kf-  mm  c/)o  ^  »;o  Z""  cb  cb  zb  -<oi  i 

i»      •   •        •    M      U-*        •   •        o« 

rsi- 
i/) 

z 
o 

o 
;a 
o 
_  •  *  aj  r*  I 

M        C/)  O 

r     p^  ;g 

n 

m  z 

Z  (/)  o  . 

O  H  •  M 

-»  .  O 

M 

»  «.  •  m 

o  o  z 

»  z  -« 

Z  Z  M 

i/»  m 

M 

o 


K-*        tr  ^ 


Tlill- 

in   • 

o</:x 

>-(/■, 

»-tclO 

«I(- 

-ITi-H 

S« 

-0_| 

—  2 

•ui«     ►  or 


uiry 

•  Ill 

_i   ttr 

a  Uj 

iro 

UJt/i»-' 

eta 

la 

u  0  a 

«1|-H 

Ui<l 

K  lJ'<J 

c  0. 

-JCCl 

— ->a 

CCl/lCD 

a  OD 

<3  <I  > 

criu 


C/nuj 

»-UJ»— 

LU>- 

KO 

r>uit- 

UJ«1 

«TK' 

?^Q  O 

o  (y 

30 

— oz 

liO 

O 

LU 

or 

o 

Z 

z 

_l 

UJ 

z 

UJ 

UJV 

^ 

o 

o 

cr 

lXJ«3 

Ul 

Z 

»-) 

or 

tt-a 

k-U 

1/1 

D. 

c 

X 

eo 

tt- 

Ui 

2' 

(J3a 

^ 

* 

^ 

j^^ 

Uj 

I 

UJO 

• 

• 

• 

• 

•    • 

X    . 

•  ?■ 

TO 

-J) .  1 

V 

V 

•  x 

m- 

_l_l 

I/IT 

l-LU 

l/0-> 

a_j 

ov 

o>- 

_)►- 

OI 

ou 

ao 

KUJ 

a  • 

aa 

o« 

o«i 

^z 

>-o 

z>z> 

:Dt-^ 

ror 

r)t- 

<IQ 

10- 

TO 

U,UJ 

Q  1- 

c  c 

0  a- 

zo 

d  (/! 

—  « 

—  o 

wO 

icr 

—  3 

DO 

r 
3:         1-1 


UJZ 

=ii-i 

ZlA 

uior 


«>- 
cro 

CDUi 
CIO 
_1Z 
Ol-i 


ruj 

zt- 

»-i 

lA 

oa. 

o 

3  r 

I 

l/n 

I/O 

(HIU 

1-lrt 

*-> 

rr 

3rr 

rr 

I 

ZliJ 

33 

3r 

3 

3 

u. 

<ILiiO 

1-1  UJ 

Z3r5 

=>= 

33 

3 

o_i 

LOt^i 

ft  ft 

1^3 

_l 

r 

(/ll/O 

<-<i/) 

Qr<r» 

Zl/1 

ri- 

t/1-J 

(/^_) 

1-T 

_J«I 

«IT 

T 

>-« 

33 

Of? 

o_j 

-J 

rr 

r 

3 

30 

►-U. 

OIO 

<l«I 

Z2 

s 

»-i<i 

c->- 

o> 

«3 

t-131- 

I 

_J3 

3 

UJ 

»-K 

_l_l 

—id 

l/-j> 

33 

3 

r 

ZZ 

z>~ 

_(0_l 

mir 

T  •au 

r  D 

O-t- 

_i>- 

_Jfc-T 

_jcr 

>-.<-  z 

U   3 

CIA 

Tk- 

e 

t-Hk-H 

uu 

Ut- 

i->-i 

t-il 

t-l^ 

K 

o 

M»-i 

UJO 

L.  C  L- 

oo 

r  I  z 

oi- 

(VO 

31/1 

31/13 

3Z 

zou 

_l^- 

OO 

3«I 

o^u^ 

(A  (/I 

1 1- 

1-1 1-- 

1-1  UJ 

3Z 

o-a 

<lO 

<3 

I  >- 

ft  c 

t-HUJ 

i-iori-i 

ri- 

ZUJO 

Zd 

Uil-1 

Ol-l 

pi^-iZ 

03 

ooo 

<I_1 

1-1  _l 

ft  >-3 

30 

OO 

30' 

oo 

OQ. 

l-O 

«JUi 

-J-l 

TO 

30 

LD3 

oa 

OUIC- 

LljUI 

1-iZO 

l-l> 

ert- 

2> 

Z>l-H 

l-HL 

l/IZl- 

I    <3 

z-> 

U  •-»- 

l;iZ 

Q-Q. 

>u 

■z-z 

ZC 

o  V 

UJO 

33 

3Z 

UII 

U  t/1 

101/1 

Ol-O 

oo 

ao-u 

a  1 

«n^ 

«JUJ 

«IU.  (/^ 

ZZ 

>-  li  o 

UJUJ 

L>  Q 

aa« 

Q-Q 

ri 

10. 

11 

IC 

zt- 

Z3 

oe 

ZO 

>c 

0  _l 

«»UJ<I 

11 

-lOCf 

-i-i 

_i« 

_i(y 

_IQ  0^ 

«t3 

<IOO 

>-(y 

Qr'C 

(/i«i_i 

30- 

oo 

-H-i 

lyry 

0^3 

•I<J 

1-1  UJ 

•aZ 

<I_I 

K-Jk-1 

U.CI 

0  10 

a<y 

<TC 

<ro 

uu 

oer 

L?(r3 

a-^ 

3«IO 

T  0. 

«J»- 

•SOU' 

<IP" 

oo 

U  0. 

OL-> 

ez 

-13 

-lO. 

T  1 

ZUJ 

ZO 

a  <A 

3 

w 

r  I 

n 

I  r 

Xi 

m 

</■ 

ft 

3 

33 

33 

3  3 

33 

3 

»-i 

U 

TTT 

TT 

I-T 

TT 

TTT 

TT 

r-TT 

TT 

0 

7-r 

»-<M 

_l_l 

TT 

k-^»-i 

TT 

2 

a 

o 

X 

33  = 

33 

33 

33 

333 

33 

333 

33 

tl 

i-ir 

za 

ZZ 

33 

ZZ 

ZZ 

-J-l 

2Z 

33 

IX 

Z>Zl 

ZZ 

UJ 

HAIA 

Q: 

K> 

i-i»-tk— 

1-11-1 

¥-*¥-* 

k-<k— 

i-(»-ti-i 

»-»-t 

1-1 1-1 1-1 

»-  t- 

33 

333 

c« 

oo 

ZZ 

oo 

oo 

>->- 

OO 

i  Z 

OO 

ZZ 

oo 

O 

X33 

<Il.' 

(n«r 

ercpro 

trrr 

errr 

O-fT 

rr^cr 

cno- 

rri^m 

UlUi 

rr 

m- 

ft-a 

ft-ft- 

CO 

lYty 

ryv 

TT 

lyrv 

OO 

1-1  »-l 

CO 

OP 

OP   B 

ft  T 

31-1 

ooo 

nc 

oo 

OO 

ooo 

oo 

<~r^r^ 

t/lt/' 

i-^i-« 

i-ik-ik-< 

UIO 

b   L 

oo 

TT 

TT 

ft  B 

Ij   U' 

CO 

rvrv 

OL- 

iJ  u 

CO  ft 

U  O 

I  z 

_l_l_l 

_J_J 

_i_J 

_I-J 

_I-J_I 

-1-1 

-J_i_i 

k-»-l 

l/nc/i 

iAi/i(/i 

C_J 

CO 

oc 

K  1- 

K  t- 

C  O 

oo 

oc 

k-K 

OO 

c  c 

ll/*-**-l 

I  3 

>-UJ 

»-l»-l»-H 

1-1  k-i 

h-ll   1 

HHk- 

l-H-lt-" 

k--ll-< 

1-11  1^  1 

33 

>> 

>•>■>• 

i-ia 

l-^k-- 

1-1  k^t 

v>- 

V>- 

t-il-i 

1-4  ►^ 

k-11-1 

k-lk-i 

»-ik-i 

l->»-l 

_IOO 

_JUi 

-If 

O-O  0. 

aa 

Q.a 

0  Q. 

0.O  a 

Q.a 

ao  0 

OO 

n'o' 

IVft-lV 

O'er 

o-or 

ft'C 

rvo- 

CKO' 

ftry 

O'lV 

ft-nf 

Ck'O' 

Q'ft' 

O'O' 

Uil/IC/^ 

UJT 

Ul»- 

UjUJUJ 

UJU/ 

UJUJ 

UIUJ 

UIUJUI 

UIU 

UIUUJ 

U  UJ 

UiUI 

UJUJUJ 

UIX 

UIUJ 

UJU. 

Ullil 

UjUJ 

li'UI 

UIUJ 

UIUJ 

UiUl 

UJUJ 

ujUi 

tvj 

r^cvj 

J  J 

CVJ 

<Vj 

roK: 

(M 

•  u 

31- 

o 

e 

►-  3 

o«- 

a 

z 

»-t 

UI 

a  o 

«IUJ*I 

««! 

rz 

_JOft 

^-1 

_)« 

-la 

-JO  ct 

1Z> 

<too 

>  0 

oro 

(/lcl_l 

30r 

OO 

-J^ 

or-a 

0-3 

«a«a 

l-lUl 

1  Z 

1-1 

1-11-1 

Ui<J 

ao 

axa 

0:0- 

>-u 

«3lO 

•ac- 

ou. 

OOD 

CCD3 

a-» 

3«C 

IQ 

dk- 

<touj 

dO 

oo 

tl-O 

oo 

02 

-13 

_ia 

XI 

zu. 

zc 

a.  IT 

ino 

_IOO 

^Uj 

_i<i 

O-C  b 

aa 

ao. 

aft 

aaa 

aa 

aaa 

OO 

ft  O- 

oro  a 

aa 

ora 

Q  q:: 

ora 

oa 

aa 

ao 

aa 

aro' 

aor 

ora 

UJt/K/' 

UJI 

UJk- 

UJUJU 

UJUi 

UJUJ 

U.UJ 

UIUJUJ 

UIU 

UjUJUJ 

UJUl 

U  Ui 

UJU  UJ 

ujx 

U.UJ 

UJUJ 

UIUI 

UjU/ 

UjUJ 

UIUJ 

U.UJ 

UJUJ 

UIUJ 

UlUJ 

ocnnn     oo     jio     -n  i     -rn     "n-n     Tn     -n  ti     Trn 


C&2C      CC      I>  T3 


i>rTi 


oooo 

tf    9   O  U 
Xi  Xi 

cccc 


r\) 


oin  o<D     -n"n  "n-n  "n-n 

-<-<  |— r*     i»j>  i>i>  E»i> 

3D  r^.^      J1J1  iDcD  C^D 

O  V  C—        £»X>  !>>-»  £>  E" 

XX  ^^       ,U/U  ^,U  -U-O 

■< -<  ^CH  l-»t-H  •-<►-« 

-1 -^  OE>  T>r»  r>E» 
iX 


■n  1 

OCT 
c»  l> 


J>I> 

CC 


^^  "^^  i^rn  '^rn 
no  ^B  o  T)  n-o 
CI     nr    CC    f-,x3 


i"n     Ti-n      'H'H     -n"n"Tn"n     tyty     -^jri     -im    rnrn    .-nrn     rnm^rn    rnm     rnrn     nm 


rnrn     rnnmrrim    Tim     wc     mC     ma    xin     50X)fl»     t3»     o;d     X);o  o /) 

OO       ;Dt)ni»I      303      -HTJ      oo       d<      ./JC      -<l/>l/)C      "Ol/)       2l/1      o  tj  OT) 

<<     mi>x;^i-i     ix>     u     xi;o     i»i-i    -n     oc"03     -d-<     t>io     oc  '^^ 


■n-n 
MM 

no 


-n-n 

BO 

Tin 


n-n 
'iin 


■n-n 

mrn 
I/)  (/I 


-n-n 
m-n 

oo 


-n  "n-n -n-n 

ininrrimrTi 

-t-l-4-t-1 

C-CCCC 
OOOOt  J 


^-n 

iniTi 

I/)  GO 


oo 


-H  n 

11 
-«  J 

■033 
CO 

I/) 


II 
■<  J 

I>13 


mm 

Cl/C 

uo 

CC 
XX 


mm 

oo 
«-)>.■) 
oo 
zz 

CC 

x^ 


Tirnrnrn 

OOOO 

CT*-1--1CT 
OOOO 
Z2ZZ 

CCCC 

xxxx 


im 

»-HhH 
OO 

oo 

Z2 
CC 
XX 


mm 
MM 

OCT 

min 

MM 

■Z.-Z. 


mm 
MM 


fiM 

zz 


zri-t<; 

CB2C 
-1-1  n-i 

t-OAIt* 

n  -o  ni 
►H-ncgM 

cx 


ox     <;i> 

CC      B  o 


T3<        CT-S 


Bm 


OK 
Bl/l 

o  o 


">-•        -<>-"        On        -nB        -IB 


I-      I 


BZ 

^m 


Tin 


O 


!'l 


o(- 

«B 

-nn 

CTt-* 

o-n 
zo 

Bf- 


-<o 
-nm 
oz 


Z  B  /OA) 

■-If-  tw 

-tOJ  OS 

l-il-l  /O  o 

oo  BB 
BB 

c 


n-o 
r  M 

B  B 


oz 

Ol/I 


oo  ^  oriBX 

<c<;  nB,o-0>-< 

nn  -noBnO 

zz  (— i-l-<0  o 

BB  m-n»-iBO 


i/i 


BO 


J  D  OO  aj«  1/5C  -<(/>i/)C  B(/i 

m^  «o  Bi-i  -IX  oc-ox  M-* 

oo  nm  i-tx  -noj  r-snij)  oxi 

-II  zz  f-— <  i-m  xBom  r-i-i 

oo  cu  rnz  r-r-  i-i|-np-  no 

zn  r-|-  -<m  Br-  mTJOi-  -n-i 

mo  BB  nc  -IB  BntOB  mc 

zn  1-1  I  c-i  zzc-i  XDX 

i/li/)  CB  XC  ccxc  c 

I-"  (/)  X  X  X       X  X 


x^ 

BT) 

om 
oo 

Bn 
zo 
-*(/) 

XC 
Ct/1 
1/7 


O-D 
OC 

zx 

o>-i 
nr- 
zc 

Z(/) 


l/l  l/l 

TJO 

rni-* 
om 
nz 

OOn 


-tZ 
IB 

inx 
-im 


z  o 

1-1  o 

•-*  X 

1-"  X 

o  c 


3n  o-(  Xw 

C  <J<»  jC 

zmo  -<i/i 

psjma-s  /ii/i 

^«  •  • 

m     CT 


O—  O—  Ot  O—  I—  Z  J3  Z—  J3  — 

tx.  -<o  -<B  x-0  mi  en  cr-  nja 

•   B  o-<  o-«  B<  nm  -iz  -<•  znl 

r-  xio  j)c/i  xo  (-(-  -H-i  -(—  nz 


n 


Ml 


•    -I. 


i-x  i:(~  LDTJ—mz  — r- 

•    C  B»  CiHBfC  B« 

O  -<  0^3BX-l  f~ 

I/)  1/1  ^  n^m-H  r- 

•  •  f— A>*>/v«  • 


im 
nz 

l-CT 

r-m 

:'ir- 

^x 


t—  JOX  XCTO-I 

Bi  in«  oooo 

-iB  z  omm  Ti 

i/i-i  -tm  ?^  ni:;D 

•    i-O  X*  •    z      • 


in 

CM 


•  •  o 

O  O  X 

XX  o 

o  o  >- 

*-  K  t-H 

MM  T  . 

•  •      X                        X  «                                          2-                                                                                                         C/1 
C           >                    Of                                           13  •   •      X                                        "O                                                                                                       • 

«                UJ                                            •                     •  o:^     ►-                              _i>-i                                                                       •         b£«v 

^ao                                  vj                   _j  ^<DZ                       uji/^                          I/)                                        (/ic 

O                    O?  UjO      lij                             Z        •Z                                  liJ                                                   »-           o    • 

•  UJ                                                      •         •                               •l/l  cyl        CTK                             UJ       OUJ                                        T"                                                             "3             lO 

►-XX                                 ►-    o                  OUJ  a  lij                  UJ                                   a                                      I 

UJ                                                                                      z  i/ix     xui                   a      — —                                                                                 XX 

X                                     »                                                X       —                          — O  U      UIX                          LD       zz                                    —                                                       —    .      UIUJ 

•  U.          •    •                          •               -X                               LU       Ul                             L:-^  -»  t/(  (/1»-                        TX                             O          •                                                               .Z 

•           i;           nDX                      X»COt/l«           _l             2-Uj                      2  -X**  <Cj           -•CO           Ui           Q_i                UJ                     u            xx*» 

k-'V'               •       UI_J          •             XX       lil^       r-    •       _l      •       UJZ  TX       Ul    •  O       (/1^        _J-.  l-t*-^             >-       -T^            Z             d       O    •         .Z          •    •       Z    •       t'  O       _IO 

•— u      >»►-     t^Ui     o  •    ox     i/^_j     _jeD     UJ  ►-     Ujuj  (/h/)     uz  _i    qto     o  •  xt     v«      •  •    >-uj      •cc     zt/     i^uj     (/k/;    ujc    z  ~>    o_j 

i-iQ        t-    Mc    o»-    MO    MO    JO    3  M    auj  ura     a  _i    3=)     rir  mi    <(q     mm    «tuj    uo     mm    auj    </>{/>    ujd    uj  •    :3_i 

Q'M      .r>     o'z     «M     tm     o  t     m»-     c   o    oq  ~r3     cr  •  ^m    ac     ct/^  «ic      o  e     (^c/i     o-d     «3     —lo     uo     ««     o- y     c  i-     cm 

tna     MZ     ou,     ~><i     "T     oui     lor     i  z     "-o  a  a.     — Lr  _i3     —o     o—  i  c/n    c_'~     — —     e-o     cci     —3     ^o    oo    c-o     —c/i    ox 


X  I  ir 

3  3  >- 

M  Q  X 

Z                        d  LU  U 

3                        _J  U-  « 

V)  3  MM 

10                      Z  -i  (/^ 

UJ                    a  3  C 

0^0.  O.  U 

O.                        X  M  3 

UJ                          «  M  Ul 

CO  i/~  _J 


M 

X 

r 

_J(/1 

T 

rcT 

T«l 

n 

-r 

«1 

<i« 

>2 

Z 

«3 

r>I 

^-J 

3X 

i^r 

{/tcl 

<_3 

_J 

(n_) 

lUJ 

3 

I 

I/- 

0-3 

0'3 

zo 

03 

M2 

H-iw^ 

_J 

cc 

Q  Z 

Z 

ri 

(-4  (/I 

Cm 

c  z 

«I(/1 

XM 

Z<I 

0  o 

U  « 

oo 

oc 

o 

(/-I 

MU' 

_J<l 

_l« 

L5M 

L  l/^ 

ML5 

aM 

Cf  M 

>M 

a  o 

o 

^_t 

l^Q 

U.M 

u  a 

UJX 

OU 

U-UJ 

U  Q 

a3 

_)X 

OUJ 

Uj 

o 

l/HQ 

M_J 

MI 

(fa 

<r<3 

u-or 

_1M 

XU 

It 

erO' 

ry 

z 

C  UJ 

rKM 

fK<I 

ov 

o  o 

<IO 

«(/1 

<i<r 

<-i/^ 

T  O 

c 

>-» 

a  ID 

MO 

MO 

««l 

o 

OM 

uiz 

UJUi 

1 1 

l~4 

a  _j 

t/lUJ 

1/  U- 

«J_J 

oa 

n  <r 

zc 

2M 

OU' 

1-  0^ 

<tcy 

UJL" 

U    _J 

U  X 

«sz 

oc 

OUJ 

03 

fl-O 

r50 

OM 

<IZ 

a  tt 

o_j 

zo 

t-*M 

:>M 

>i-i 

0  = 

mZ 

U    M 

U-0- 

UJM 

«ia 

l/^M 

-l-l 

Zt/1 

TiT 

cj;m 

<i(/ 

U    M 

zo 

MO 

ZM 

OM 

«JC^ 

U   M 

_IO' 

_i~ 

UJQ 

e-u 

MUJ 

(y"! 

oo 

O  J 

l:x 

;'i 

Md 

«JM 

Q'M 

a-i 

M>- 

cz 

o_i 

«IO 

U-<I 

ZUJ 

OM 

1— IM 

Mcr. 

CO 

_)</l 

-Id 

dM 

«s  d 

V_) 

CAl/: 

o_i 

oe 

UJM 
XU 
dX 


Ml^ 

muj 
u.o 

MUl 

oe. 

1/1  (/^ 


2  O  O  O  °0 

i/i  _jd  _jd  _pd  o  a-a 

(^  XX  ►-,  dM  dM  dM  T!in  MM 

3  33  _j  d  Mt/^  M(/l  ►- </<  dd  dd  03  <1  a  XX 

2  MM  dd                    dd  dd                    3:    X           >                                      m  U-U'  U  Uj  U-U  dd  »-*m  mm  O  U.  Mt-»  OO  dd 

l.  >->-  ZZ                   ZZ  ZZ                   3   3          M                                      I/-,                                 dd  CL-I  0.-1  0.-1  OrCt  Cl  Ur  Qrtt  di  tttt  OC  Q:Oi 

Ij.                XX  XX  dd                     dd  dd                      1-4  M           CA                                         IV                                    MM  0_l  O  _l  C  _)  UIU  <td  dd  O  d  dd  fV  IV  UJUI 

33  O  0  l-^t--                    t-.l_  Ml-.                      Z    Z           d                                         U.  dd       dd       ZZ  t^  UJ  Cror  t/^lil  W  ZZ  ZZ  OB.  ZZ  L    I.  •  XX 

MM  OO  N-M  TI       Mk-  KM  IX      dd  II  IX       II       I>  MM       Ml-       H  t/V>  l/C/1  WIT.  CO  UIU.  UUj  _j0  U  U  CL  O  OO 

-J_l  >>-  ZZ  33      ZZ  ZZ  33      Of  a  3C  33      33      3U-  _l_l      -!_>      UiU  C  tt  OQ  OQ  CO  ff  CC  cne  a_l  (Tir  CA.l/1  33 

dd  dd  UiUI  U:U'      UUJ  UiU-  U'UJ      UJ   U  UJO  UiUj      UJU,      UJM  l.^t-'      M>-.       _J_i  ^lO  _|0  _JC  OO  dd  dd  dO  dd  L   U'  U  U ' 

L50  oo  L"»o  C50      CO  oo  On     irj  o  t^*s  oo     oo     oco  oo      oii      oo  OU-  OU  OU-  iJ^<-^  XX  XX  Xd  XX  XX  XX 

rj<vj  n  CM  «v  cvjCM 

,1.1  c  d  c:  o  u  ""  i^lJ  -J  '^'* 

O  O               £*<  •*•'  li  or  _)M      lO  dd  dtt.      tt-   Z  OUJ  Q'M      (^d      X>  03      MZ      U.M  UjO  UJM  (/l(/i  UUJ  MUJ  0:<a  -JO  dM  dd  >-J 

Q.C                C^  QO  dO  dU        dd  Ol/l  XC      Cm  aC  M<_       ►•  O      3U.  dtt       OM       _J  _l  Z  C/l  Z  t/-  Oa  CC  C  _J  OI  Q  _J  I'  O  O -I  CO 

t^,(j               dd  dd  U-UJ  UJUJ      U.UJ  UUJ  ujUj      U.  Uj  UJO  UJUJ      UJUJ      UJM  MM      MM      _j_l  _(0  _JC  _/C  oo  dd  dd  do  dd  UjUJ  UJUI 

iSiiJi  tj^tj:>  i^iji  iS''^      oo  ISiSi  ^i3      O   O  Od  i3i^      C^<JJ      Ol/l  ^S>iSi       iSfS       iS'fS  OU-  OU.  OU  .JO  XX  XI  I<I  II  IX  Xi 


(.^ 

^b 

uc 

(.(_ 

1/1  l-l 

lA*-* 

TJM 

TJi-l 

III 

11 

II 

II 

II 

III 

II 

II 

II 

II 

II 

II 

II 

ai 

II 

IX 

cc 

GC 

cc 

cc 

Tjr- 

■01- 

(-0 

ro 

•<-<-< 

-<-< 

OO 

OO 

OO 

ooo 

oo 

OO 

OO 

"in 

m-< 

mm 

mm 

d'^ 

mm 

mm 

OBZ 

3EZ 

C/)  tl 

mm 

;d:o 

t-r- 

L/)t/) 

£>r> 

XI- 1 

(y>m 

CXT) 

^m 

om 

ooa 

zo 

oo 

Z"D 

OtO 

;oo 

OC 

c-o 

1 1 

oo 

oo 

]>m 

mm 

t>z 

mm 

l-H*-* 

oo 

OO 

-11 

CBO 

OO 

cm 

mc 

BC 

r-MC 

om 

BB 

o» 

lO 

-<-< 

oz 

-IB 

o  o 

-<;o 

«■< 

CD 

I/) 

jsin 

-KO 

I/) 

-t 

o 

otn 

J 

o 

c 

-i-« 

B 

f\) 

f\) 

r\) 

r\» 

<-(- 

(-(. 

WW 

t.<_ 

UlU 

(/)>-< 

O'-l 

TJfH 

zxx 

XX 

XX 

XX 

IX 

XXI 

XX 

IX 

IX 

XX 

XI 

XI 

XX 

O  X 

IX 

XI 

cc 

cc 

cc 

cc 

T>(- 

01- 

i-o 

P"  J 

-<-<-< 

-<-< 

OO 

OO 

OO 

ooo 

oo 

oo 

oo 

M^-l 

»-t»-» 

mm 

mm 

cm 

mm 

mm 

zz 

zz 

zz 

zz 

!>-• 

!>-• 

BB 

BB 

■0-0 -a 

TJ-O 

;d;o 

/»>;o 

xipo 

r-rr- 

XI  ?3 

nn 

.0X1 

mm 

mm 

r-r- 

cc 

oi- 

cc 

cc 

on 

o-> 

to 

oo 

I»E» 

i>r» 

-tl 

-tl 

003 

m  n 

OO 

7^^ 

^:k. 

ooo 

OO 

x;^ 

oo 

-O/D 

;o;o 

^^i-i 

oo 

Bm 

oo 

oo 

cc 

c:i= 

cc 

cc 

ni 

,ni 

-<0 

-«  J 

TJTj-g 

AJ-Q 

mil 

mm 

miTi 

ouo 

mm 

inm 

mm 

BB 

BB 

j»o 

IX 

1-  z 

XX 

IX 

I/)  I/) 

oom 

tit/) 

;/)U) 

/UZ 

A<z 

UIB 

l/)B 

^^H-»h-l 

f-Hf-* 

cc 

r-r- 

r-r- 

t-ii-(h-* 

cc 

i-r- 

cc 

OO 

oo 

zz 

mm 

Oi-i 

mm 

(nin 

r»i> 

i>i> 

■D 

■0 

-I-1-H 

oo 

13 

»-*»-» 

hH^^f 

C/)t/1C1 

22 

t-IHH 

22 

!-<»-* 

t-*h-* 

-<-4 

^^ 

>-«c 

^X) 

■JOTO 

r 

r- 

m 

m 

-«-<-< 

cc 

BB 

BB 

ooo 

BB 

CC 

CC 

II 

BB 

»  2 

BB 

BB 

a 

o 

AJ 

/O 

l/)V/)l/) 

22 

ccc 

22 

22 

mm 

m 

1 

2 

2 

u)iy)n 

r-(- 

» 

» 

c 

2 

c 
3 

r-r- 

BB 

Ol/» 
Ofl 
O-D 

m« 


tAZ 

2Z 

i/)m 

mil 

-o;o 

i-r- 

t/)t/) 

21-2 

«im 

j>o 

-im 

om 

O  JO 

zo 

OO 

za 

Oc/l 

;oo 

ac 

CT3 

X  I 

OO 

oo 

Bm 

mm 

BZ 

mm 

>-*»-) 

oo 

OO 

CBO 

OO 

cm 

mc 

BC 

(-1-IC 

om 

BB 

o;o 

xo 

-<-< 

oz 

-^B 

o  o 

■</0 

«-« 

o< 

-o< 

xt/> 

mm 

<:>= 

zz 

BB 

(--<2 

o;d 

biz 

zu) 

•Ol/) 

Bl/)l 

oo 

;oc 

OB 

f(^ 

oz 

en 

b;o 

o  o 

<-^ 

Bt- 

MtB 

-IB 

►-^►-l 

cc 

cc 

(DO 

XITJ 

-tCIO 

Ci 

'/I  l-H 

mo 

no 

OBOO 

0,0 

CO 

OO 

T3C 

ooo 

om 

x« 

-0  -a 

Ml/) 

r-n 

CO 

mo 

im 

tn/i 

r-r- 

t-HH 

►-*i-H 

i-«(/1-t 

i-o 

oo 

(-B 

-IB 

-oo(/) 

i/im 

»H^-t 

(/)l 

Br- 

mo 

f-r- 

mi-t 

m  m 

Zwi 

MZ 

i/>m 

zm 

oo 

cc 

BB 

^t/) 

Osn 

mo  o 

mi/i 

zc 

r- 

B 

mi-c 

Cl/l 

mm 

c-« 

om 

;of- 

BO 

zm 

C/l  I/) 

oc 

mo 

z 

l/)Z 

zf- 

I/IU) 

«;o 

mm 

mrn 

r-co 

»C 

1-4  (- 

B 

-t 

tlOU) 

21/1 

oo 

2B 

B  O 

oo 

I/)?) 

c/io 

^-H  l-« 

»r- 

o;o 

1/1 

►1C/I 

-ln 

HHH-I 

•0-0 

T070 

OB-D 

►12 

BB 

B 

o^ 

c 

f-r- 

z 

zn 

til/I 

>-<B 

p-tr- 

)-4  1— 1 

nB 

r"»-« 

(-1 

Bt-t 

BC 

1/1 1/) 

BB 

CB 

;02B 

z-« 

m 

2 

MhH 

-^ 

C 

H-tCO 

H-t 

(/)!-< 

OA) 

MO 

I/) 

Zl/) 

c 

C/) 

Zt/) 

c 
t/1 

r"t— 

BB 

2 

BB 

cc 

22 

z 
i/i 

BB 

I 
m 
n 

c 

2 

2 

o 
t-l 
a 
m 

B 

HI 

m 

o 
r- 

BB 

I/)  I/) 
^o 
mH-« 
om 

MZ 

m-1 

l/)M 

m 

mM 

•DO 

M 

-<z 

IB 

mx 


JBCI 

<j;o 

CB 

zo 

Zm 
mr- 

CM 

l/)(/) 


Oil 

f-(- 

BB 
00  (S 
XJ/O 
mm 
I/)  I/) 
OO 


o 

c 

-^-1 

B 

o 

-^ 

mm 

n 

c 

» 

zz 

■0 

o 

I 

cc 

M 

r- 

m 

M»-* 

z 

B 

z 

mm 

B 

(/) 

1/) 

oo 

M 

M 

r-f- 

(/)-» 

mi 

BX 

mi 

-*-^ 

-1— 

I  — 

IZ 

o;do 

I  — 

OB 

«i: 

(-  — 

I  —  -. 

B  — 

»— 

BZ 

INII 

tsJB 

-«  — 

o  — 

X5 

O 

X-* 

Ct/) 

•    B 

•    r-< 

ZZi 

oo 

o-« 

OI 

om 

o-<;d 

OI 

B(- 

<B 

Mf- 

lOO 

Cv/) 

-<o 

•  m 

BO 

an 

•     -« 

-<  o 

-< 

;o 

It 

?^c 

H 

r 

oo 

;^)o 

oo 

oo 

Of- 

•    OB 

OO 

tjr 

o-< 

ZM 

r-;DX3 

-to 

OXI 

< 

lO 

K 

• 

o-< 

O 

B 

mx 

l/)?^ 

C_l/) 

Zl/) 

m^^ 

;oc 

«;o 

AO 

Ai/) 

0D2 

AO 

r-M 

cot/) 

oz 

r-mm 

I^ 

com 

(/)C/) 

Z^ 

z« 

X 

gao 

09 

-< 

mm 

Ol/) 

•    • 

T'l;^ 

(-• 

•    6T 

•    M 

•   ,^ 

•  • 

•    ^ 

•  /s 

•  o 

•    • 

(~o 

I'imtn 

OM 

•  m 

•  y\ 

• 

> 

•    UB 

• 

I- in 

•  o 

r-» 

2 

t- 

* 

• 

fNj 

• 

z 

•  r- 

;czz 

T)JO 

z 

M 

1 

o 

• 

o(- 

• 

X 

I/) 

• 

m* 

■^ 

•* 

V 

• 

*» 

M 

• 

2  2 

iy)Z 

m 

I 

•    c-t 

*- 

-)0 

^ 

m 

• 

X  — 

** 

•    • 

• 

— 

>-# 

-4 

• 

?^o 

oo 
Bm 


o 

•x 
o 


g 


0  • 

1  o 
O  I 


t- 

M 

lA 

O 

Z 

o: 

O 

o 

V 

z 
or 
bJ 
U. 


•  I   • 

X  «  oo 

_J    •  C^    •    •  UJlii  ^T 

Ujl/1  _lOO  ►-►-  UjO 

z«3  i-ii-iK^  IT  rt-i 

Uj3  133  33  —I 


• 

• 

• 

lA 

mof 

UJUJUJ 

t- 

o 

_i 

• 

10 

z 

LU 

C/lMl/l 

tfl 

z 

-J 

t- 

M 

•en 

ooo 

z 

z 

o 

• 

o 

OP 

Oi 

or  or  a: 

« 

o 

a- 

o 

• 

3Z 

o 

X 

3 

o 

o 

,^ 

O 

or 

• 

z 

V  w 

IxJ 

V 

^. 

• 

—  _J 

•  —1 

—  I/O 

c   • 

u 

•   •   • 

^ 

•  ll 

>- 

to  • 

•  _l   • 

•  UJ 

• 

b.»-i 

VZ 

o<v 

T 

•  • 

l-k-l- 

>- 

T 

•   • 

, 

_lt- 

■a  V 

t-4/n 

3UJlrt 

i^l- 

zvr 

t-Z 

di-i 

ep 

LU 

cto 

•a  V 

t/1 

l/^X 

Z 

_!•-' 

Qr«i 

«IK 

03»- 

0»-i 

ao 

30 

ft(P 

• 

UJ 

CKI 

•^■=>Zi 

W-<I 

a 

>-»- 

» 

UJZ 

eo 

3«I 

loa 

OI 

Uib 

Z« 

oc 

o  • 

•  O' 

OUJ 

occ 

oor 

•3 

«l«l 

•  U' 

V3 

—  o 

—  3 

—  13 

13 

li-a 

—  r 

—  Of 

—a" 

_ic; 

t-a 

ooo 

— o 

^a 

31 

-J  Li. 

zo 


oo 
oar 


•  »-  3  k-    •   •  UJ^ 

T_J  lu3  t-t-K  3_J 

OO  CO-  zsn  IC 

ZO  — c  — zz  — o 


t/1        1-1        l-l 


oz 
b.o 

ZkJ 
ox 


lLI»- 

ruj 

«! 

Zt- 

oa 

»-iUJ 

i/i 

ui 

u. 

►-* 

►-* 

nm 

1/1 

00 

00  (n 

« 

z 

-J 

»-t>-H 

4/0 

1/03 

3 

33 

z 

c^ 

«3 

toin 

I- (/I 

►H 

i-l»-t-i 

o 

OTtt" 

« 

0(/l 

►- 

133 

QTZ 

«x 

(/5t-l 

l/KIi-l 

310 

OO 

l-l<I 

ll  If  1 

ii-:3 

•-1Z 

K  »- 

cn<i 

U  UJ 

r 

Zl-1 

Z_l_l 

UJ3 

-JJ 

OUJ 

K4liJ 

^z 

t/IVU" 

<1<I 

».-i^ 

3Z 

>-* 

UJV 

UJO-J 

_J1- 

U-U. 

f-H»- 

oa. 

Z«J 

t-ituO 

OO 

z« 

NJO 

o->- 

DO 

oiua 

o< 

►-t»-^ 

>z 

k-itr 

3_ll-< 

33 

zo 

(/lO 

Ol-i 

<i-i 

«IOk- 

as. 

OO 

OUJ 

aui 

zoo 

->-) 

U  t-1 

ZUJ 

zor 

»(/) 

3»Z»- 

lO 

33 

DO 

zxx 

uirso 

»-i»-i 

i-ia 

<IOr 

>-<<i 

W3 

UJCI3 

oen 

1«I 

30' 

nc 

>-oo 

erer 

flCV) 

_)0 

rr 

ZO 

Z  JZ 

oo 

Q.a 

_!« 

«I1-I 


C/O 


l-H  _IO  3  T 

(/I  CU.  O  cot/)  1-13 

«I  Z  U.H-1  »-t  M»-i  »-*UJ 

uu  >-Hx  zr  _j_i  bcor 

<IO  JUJ  >-i3  ««  wos 

i<i  c  «i  o>-  b  uj  >-»-«a. 

o>  aa  QTD  eta:  oc/oor 

VUJ  >-I  WUJ  CO  tt'33 

az  a«i  »i  a-er  OOQ. 


»-l»-l 

i-ir 

z 

«j<i 

T      « 

t-*»-l 

_i3 

««! 

««* 

— j_i 

3«IO 

•-1 

-1^ 

Ui»- 

oz 

UiZ 

MUI 

33 

►">-»-• 

*-i 

•t^ 

Zl-1 

li.1-1 

_ja 

o- Il- 

OO 

oou 

Z" 

«.1 

Z(/l 

wo 

3»-i 

ls 

1-1 1-1 

UJUJ»-l 

•SO' 

l-fc- 

UJ>-i 

3>-l 

a  a 

3Q. 

l-l- 

inm*- 

rui 

»-►- 

a3 

Z_J 

UJ3 

_IQ 

zr 

inu^-i 

an 

33 

UIUl 

Ull-I 

«I<I 

03 

UJUJ 

1-11-13 

O" 

■X'Z 

a_i 

t-U- 

OO 

oa 

CD 

COI 

oo 

l/i 

«« 

«« 

or 

o 

oo 

3 

l^_l 

zz 

ITT 

»- 

rr 

h-1 

WW 

Z 
Uj 

o 

-1^ 

biU 

333 

t/^ 

33 

z 

ZZ 

1/11/1 

t/Ol/l 

1-1 

(/lOO 

t/)(/iirt 

t/l(/) 

C/1(/0 

UJUJ 

XI 

IX 

OOO 

o 

OO 

OO 

ZUj 

o 

X  UJU- 

Z.X 

33 

<i.<t 

33 

z 

33 

333 

33 

33 

or  or 

oo 

or  Of 

33 

oo 

K4»-4fr-4 

I 

WW 

oor 

30 

w 

300 

33 

to  (/I 

1/1 00  (/I 

CKV 

oo 

(yiy 

UJO 

oro' 

(voro' 

o'ly 

(yor 

UJUJ 

t-lt-4 

Of  IV 

ft-H-l 

UlUl 

»-»-»- 

t- 

(-»- 

UiU 

w^ 

V 

wh-f- 

»-»-i 

33 

333 

v>- 

33 

w 

TW 

w 

>- w 

>-v 

>-»- 

33 

C/l(/- 

oo 

CO 

oo 

t/1t/lC/) 

ZO 

T-r 

(J0(/1 

oo 

»-(- 

(/10 

WOC 

\-^ 

OO 

OOO 

n 

»-»- 

II 

t-or 

II 

IIX 

II 

II 

CO 

l-ll-l 

(-1- 

»-t*-t 

T7r 

333 

OK^ 

33 

33 

#-iw 

Oh- 

30 

Ok-K 

OO 

15 

zzz 

•-»- 

OO 

>-»- 

(/)UJ 

►->- 

»-t-fc- 

*-*- 

>-»- 

l/l(/l 

33 

0.0 

ao 

zz 

OOO 

Z-l 

22 

OO 

2Z 

io. 

t-v. 

rao- 

zr 

333 

oa 

<r<x 

oo 

oo 

oo 

ooo 

oo 

oo 

uiuj 

u^uj 

L'UI 

UIUJ 

*-**-* 

l-ll-l»-l 

»-*»-l 

1-1^ 

WW 

oo 

OUJ 

oo 

OUIUI 

oo 

->-> 

-1-^-1 

-i_J 

-i_i 

-J -J 

_ier 

_l_l 

-l-l-l 

_l^ 

_l_l 

_i_i 

_i_i 

_l_l 

_J_I 

-J-l 

_I_J-I 

_IO 

-l-l 

_I_J 

_l_l 

_I_J 

_IT 

_i_j-i 

-l-l 

•Ui 

(V/ 

rj 

fVl 

<\J 

M 

PJ 

(VJ 

M 

for^. 

J- 

Co 

l/i 

-1 

r 

o 

_J 

►- 

_)o 

t- 

D      _ 

0.O 

30? 

UJ30 

i-ii-i 

wa 

<ar 

►HO 

UJ3 

UJ03 

Off 

OO 

30r- 

>-UJ 

>-r 

1-1  Ul 

OO 

«33 

33 

UbJ 

UJW 

oo 

03 

UJUJ 

ww3 

Ow 

too 

t-OC 

aec 

a>t/- 

_je 

ri 

ZO 

Z_1Z 

CO 

aa 

_|0 

0.Z 

Q.O 

>r 

a  w 

ooa 

ZZ 

0-^ 

wu 

oo 

OO. 

oo 

OCX 

OO. 

33 

333 

a< 

a«* 

o< 

oo 

oo 

ooo 

oo 

oo 

tUU. 

LwUJ 

UJUJ 

UJUJ 

t-4t-H 

i-11-.t-i 

•-1I-1 

I-IM 

WW 

oo 

OUJ 

oo 

CUJUJ 

oo 

^-5 

-5 -'•I 

-i-i 

-1-1 

-j-i 

-lit 

_i_i 

-l-l_J 

-l_l 

^-J 

-J.^ 

_li^ 

-l-l 

-l-l 

-l-l 

-i^-j 

_IO 

-l-J 

_)-! 

-l-l 

-l-l 

-II 

-l-J^ 

-l-l 

N3 
00 


r-f-i-(-  rr-f-  c-|-f-  r-i-  i-r-  r-r-  nt-  r-r-r  f-r-r"  i-f-  ^f-  ff"  f-f-f-f-  t-f-  r-f-i-  f-f-  nr-r-  rr-  r-r-  f-r-  i-f-  r-n 

cccc  ccc  ccc  cc  cc  cc  cc  ace  ccc  cc  &C  cc  cccc  cc  ccc  cd  ooo  c:)  oo  ao  mo  oo           o /) 

r-r-t>r-  r- t-r-  i>j>r-  or-  ir"  ^f~  iy)r-  i/)T)r-  r-rr-  (— (—  i-i-t  io  y)  lOD  ao  too  &»  -h^-h  i>-t)  dt3  a^  oi  t»  i             o  13 

•< -<  «rr\  Timrn  ,0^1  A3  "n  Mm  c »  ci>  r>i/)i»  0&&  »»  zz  ci>  cccjb  bxj  oj>.o  zr~  ^i-ic  ic  1-0-1  01  ■hj»  2i»           ao 

r~       -ic  ■>  ill-  Oi»,i  »  -1^0  i/)Df~  or-  .HJ>  -4  .T  0  Oi»  i      -I  o -<                            I" 

fNJ  '\)  <%)  ^r\)  M  .^  noog^          i-s)  -t^fNJ     ^j  no  rsj     ^  ^  ^  ^jr\)  no              no 

t-t-i-r-  r-r-r-  \~t-r-  i-r-  r-r-  r-f-  r-|—  r-c-r-  r-i-|—  r-r-  -or-  r-f—  r-r-|— r"  i~r-  t— r-r"  |-r-  r-f— r-  r-r-  r-|-  i-r-  r-r-  r-f- 

cczc^c  <zi:L<^  c(Z—  cc  cc  cc  cc  ccc  czcc  cc  cc  cc  cccc  cc  ccc  cc  000  oo  00  JO  ino  00 

'OO'DO  T3  OT)  "0"0D  13  "0  "0  13  OO  T)  T3  "0  013  O  0 13  T3  13  ni-t  ^t^  iV(%|.Nlno  UTJ  OTJTJ  13  0  iSI  -H -<  -H-t  -t-i  13  I  Jt  I 

'-*»-«—*'-•  t-»H-*'-«  —if^'-i  ^^  ►-)-<  t-t^  i-tr-i  -Hh-*i-<  ^(-(H-*  i-(^  ZZ  cc  C1C:^:Z  "*M  — *»Hi-*  h-« -«  t>j>r>  CC  CC  cc  H»  ;>£» 

z.z.^^  z.^^  ^z^  zz  zz  ^^  zz  z.z.^  ^z.^  ^^  •-i'»  '"'"  r-r-r-r-  zz  .i-z.^  zz.  h  ^-^  .11/1  i/iu)  lyit/j  oh  ^-l 

cccc  ccc  CCt_  cc  cc  cc  cc  ccc  ccc  cc  in  E*i>  X>i>Oi*  cc  ccc  cc  r-ini-*  — tf-1  nt-i       (Tl 

i/)t/icoc/i  y>cot/i  oo(/i'y)  t/i(/)  t/it/1  cooo  L/)to  totoc/i  t/i(yi(/i  tO(/)  "o  i/iu^  ooc/it/i  cito  ccc  i>c  cc           f^ 

*>  X32  mt:nz 


(-r-E>r-     r-r-r-     c.j»r-     »r-     ^r-     y)(-     i/ir-     io-or"  r-r-r-  r-r-  iO     loioo      oi>     ooo     i>i>     -h/)-i     t>  o     jbu     oz                J»i 

-<  <;t<  n     tn'TiTi      oAifn     ^3,ri     i-i  n     c  e»     ci»     ouoi*  i>i>t»  i>c»  wi»     ccoi»     ?»,«     oj>/<3     zf"     /Di-<.u     ic     ►-»•-*     orn                ze» 

E.»>-io     ccc     "ii-io     HID     zo     .«;-<     D -<     X"^-<  X  •<  X  h-i  r- £     sr- 1 1      on      oc.ri     o  jb     -<  sh     ^1,0    oz     c<:               n;D           i/ii" 

i~r-_)i-<     o -)vi     -3r3f-i     J— I     -(M     u)^^      >►"!     rTic^-i  nni-i  nn  -1  tj     </i-(OT3     «i      -<0'ti      nn     -1  u -1      oi/)      oz      Di>                 c-(             "OO 

r— r~co     ^^<^     ^ca     co     io     o-n     r- -n    co'n  -n"m  -n-n  urn     rini/) n     wz     ^i>z     ;do    Tir-m    m     r-i»    r-o               i/)>-<           rnn 

■-ii-i.ic      0x10     -looc     k/)C     cc     ^  :j     T3_>     j30r-  i-r-i"  00  "ni/)     i/)"ni>LO     -n-t     J3^-^     t/)r»     /onn<j     o— t     j-i     i^in                -tz            O'^ 

Urn     i/i     xxr            to         i/i     !/)(/)      or-     f-i(-     m-oo  000  r-f-  ("-<     i/5i~     -<     r- n     ocm     oc     zxz     j>i>     oc     v/)z                i>o            '-•z 

-<<■<                                       "ni-<     zi-1     xii>«  .ti;oA)  ni-i  o  T)     no     ,^     oc     i/ic/ic     zi—     i>     t>     zz        >/>    i-n/i               -<■>           '^-t 

r-|-(-                                         i-ic     cc     &,oc  ccc  cc  /On     i-,o     n     ;ou)     c     i/i     mi-i     -(     -1     cc                i-ii-i                cr-            i/mn 

(-f"r-                                                        Ml/J       l/)l/l      TKi/l  i/)(/)'/)  /)l/)  »'/)       '-<t>       71      C            1/1                     b1       C       C       t/ll/I                          I/)                      I'Tl                     -q 

ccc                                                                   n  !/)(/)  i     i  t-i            rnn 

i/ilO(/i                                                           "n  uo 

1-  ►-• 

o  -tz 

;d  i» 

c  mi 

(/)  -ir^ 

r-     -<i~      1  JJf-     non        a                   -1        ,/)            o  v).->f-  or-  i        o 

o     00     i>  n  n     wjoc         /U                    i         c            iy>  r-»oi>  oi>  c         o 

S>      ua>     zi-c     i/looo         n                     o         03             "1  (-CDX  r--i  f-          I 

^3     ;ocD     inr- ->     >-i;d-<         o                    i         e>            c  <Zi-i  ci-i  -i         o 

i-t     ■ni-i     v)-io     T-ir>        c                   V        r-            J  i-(j»-n  x -n  n        ^ 

-<<-<-)013,si-<A            yl                          VI            -0                 O  0-)r-  JJ  :3  "HI. 

n         nTr'-'<.-<                             o        —I            ooco-ir-  (~ 

z      <     y-i^*-*                                 z          z              j>r-oo.o  E»r-*  o  _ 

(/ir-i/i                                  >-<c             13«>C2C  o  ;Di~(/)  "O-i 

f-                                           B        i/i           <;  i/i  cc/)  J>                         c        i-<                  c     c 

C                                                                   Z»-i(/)  l/jL/lIi 


—00  DO—  a—  oo  o—  T3—  -on—  —  oa  — &  no)  r-—  cnvim—  z-.  TOi3  1:0  — i—  ca—  01  cn-« 

i»o  ••!:  oo  oj  o->  no  -<'<o  x'O  rr>  <3n  i^i  c-i«r-  cz  n»c  »o  noo  njj  00  oi 

O       C  B  CO  cc  U"  "On  Oa-<  m      C  rn»  mz  ex  O*         •  -HC  r-       :0  -IC  00c  y)nri  CO  tllB 

s:"Dcn  ■o"n-i  nc  00  1-1  to  jjodo  (-1371  r- 13  rn -1  to  xc_i—  -1 -i  n-O'y)  t/)<n  c  J3  o  oz  CD.»;  m-i 

•  •  f  •  •  »•)  r-ut  r-|-  z^  -^j"t  •  •   -ij  r~«  1  r  j  z  J.  <— X  •   oni  •   -«  '•!•   x  •  i~  r-^vc/j  x-»  ''•  -iui 

—     •  ••(—••  yi*            c             •  Ti     •  [Ti  X  "n«  Z*            X -<  o         •  o                 •  — 4»    x  •    x  •  rn» 

-            •  >^                      —  r)  /)  o*  '^—            Z*    O  "'l—'  y)  .         —           .  « 


0 

o» 

x> 

C  A) 

« 

jorv 

< 

XJiT 

n 

MZ 

T) 

O-H 

r- 

E»rTi 

0 

CC 

XI 

rc/i 

X  CI      .-)  i  m 


XKKIO                     tyl»X  O  O*  XNfcO                     x<r» 

t.                        'OXISOO  r-n  I.  00                         13 

rmxo—      00            ..r-*  r-  •  i/OC»a;            m 

i-i"0     o        >->        HOB                         i-i  i>  r-  oor-"im 

z-yy     3        00    zn          vi3z"0  ;^  v»  di/j-ivz           z 

o»       ;^         ^^»       (/)z                   •o*  •  ^'Ti*  — irn 


§ 


CM 


-> 

a. 

o 

UJ  • 

z 

t-H 

UJ 

UJ 

, 

• 

• 

• 

r 

• 

_l 

• 

Ul 

XM 

>» 

o 

or 

z 

2 

o 

o 

:>  • 

-J 

• 

*-• 

«p 

-1 

>■ 

z 

V 

o»- 

o 

o 

o 

UJ 

z 

r 

t/OLU 

o 

_) 

o 

a 

« 

UJ 

o 

V 

I«l 

• 

(/) 

•^ 

UJ 

o 

o 

LJ 

• 

Of 

T- 

a 

UJ 

UJ 

o 

z 

*-  • 

« 

or 

or 

• 

or 

C    • 

o 

X 

X 

lA 

LD 

or 

^ 

UJ 

«» 

r 

o 

^^ 

, 

o 

o 

T 

o 

r 

UJ 

UJ 

«» 

o 

V 

•  X 

— o 

• 

o 

ir, 

^» 

«>. 

Ul 

«k 

»« 

<~    • 

Ulii 

•  tt 

^     • 

en 

^» 

^^ 

—» 

•  ^ 

• 

tA 

• 

Zli^ 

• 

1 

** 

« 

TO 

UJ 

•» 

UJ 

_JI- 

•I 

Uj 

-•Uj 

•  UJUj 

•LJ 

•UJ 

• 

V 

T    . 

t/1 

•  r 

T    J 

\i\7 

ft-    . 

t/lT 

>-iii 

? 

^ 

7-UI 

V 

V    • 

fsj 

l-MO 

»-^ 

</>  • 

vy 

vyz- 

vy 

Ty    • 

too. 

<>- 

oi-> 

*-lo«I 

4/00 

kUUj 

• 

or  or 

QfC^ 

«i<r 

i-i> 

MV 

UJV 

«> 

a 

>-v 

t- 

3UJ 

t-UJ 

wZ 

aUJ 

CUJUJ 

cu 

HUi^ 

X 

Or<i 

lO 

«>-Qr 

ftO 

auj 

u. 

oo 

3Qr 

Qr« 

_J« 

T 

Uld 

If  CI 

•or 

<I<I 

z 

OD 

OUJ 

Q-l-l 

orui 

OU-UJ 

OUi 

•  ZbJO 

»-  • 

OCT 

UJtJ 

2«or 

oo 

oa' 

•« 

t-c 

0  r> 

o_i 

cor 

lA    • 

O  _l 

U^Cf 

►-o 

o-o- 

•o  . 

CK- 

ro 

C5  0' 

C-& 

Toro 

lO 

Cli'O  o 

(/»0 

«.U) 

^w 

—  K 

ao 

wtS 

-JCK 

—»- 

-a 

—  CD 

X.O 

—  t- 

Off! 

— o 

*»t— 

OkS 

-1^^ 

—  ►- 

—  o 

—  »- 

—o 

— oo 

—  o 

ceDoi 

I/1Z 

-1 

r3« 

1 

a»- 

t- 

orz 

UJ 

«o 

or 

c^ 

OC/1 

« 

az 

> 

o«j 

t-ity 

ri- 

liJ 
o 
o 
or 

I 
a 


t/n 

I/l 

^ 

z 

z 

a 

u. 

UJ 

o 

>- 

o 

(/; 

« 

» 

« 

z 

Ui 

I 

«I 

«I 

«^ 

o 

-1 

ruj 
<r 


•-UJ 
Zl-i 

UJO 
imUJ 

oa 


1/1 

a  <i«j  tc 

aoo  1-41-1  o 

IS  rr  _i 

C"  X  l^  (/)  U.  1-1 

ouj  oo  i-ief 

(V>  CO  »Ui 

om  ora  ora 

>-ir>  <i«  «ii-i 

»(/i  zz  ao. 


mT 

<x 

m 

00 

3=> 

0- 

(« 

01 

•I 

3 

D 

OO 

o 

z 

(/lln 

(/) 

f^ 

1-101 

_J 

■J 

l-lt-l 

lfl(/> 

mm 

_J 

lU 

l-t»-l 

l-< 

_i«i 

_ji-i 

(/1 01 

«I 

-) 

_l    1/1 

C/l 

zz 

zz 

ZUI 

(^iU. 

or 

m 

mm 

mmm 

r»- 

o_) 

<I4 

1-1 1-1 

01    m 

oil 

OlV       M 

>•       3 

3tn 

<1<I 

oro' 

U  UJ 

UJC 

1-4 1-t 

l-l(/5 

^« 

zz 

I-4I-1Z 

<i<i 

U-l-i 

»-i- 

oor 

l-«011-< 

1-1  ►- 

3101  or 

xi-in 

U  o 

1-1- 

oo 

CO 

oc 

_J1- 

»UJ 

«« 

zz 

UJIU 

01  (/lU 

oz 

1-*1- 

"3<I 

k-t- 

_ji-i-J 

_IZ 

►-ar'ui 

Q-UJQ^ 

OK 

oo 

U-U. 

mm 

mo' 

►-11-t 

UJO 

rx 

«i«i 

^-^ 

rzo 

1-1 1-4 

o«i 

_i_j 

0101 

i-t_ji-i 

1-1  «J 

«o>- J 

»-iCUJ 

l-td 

^Hl-4 

1-1 1-1 

U.UI 

UJI 

OI/1 

1-C 

i-<^- 

oo 

1/11/1 

UJU,«I 

J"! 

1-1  or 

^o 

UjUj 

Ol-lO 

0(V 

i-o-srs 

-loro. 

orz 

oro 

-i-j 

zz 

zo 

<im 

UJl-1 

zz 

L^U 

«1«1 

>>z 

UjZ> 

-jffi 

OCCP 

ao. 

•Ha 

«IO 

t~umc 

033 

UJft" 

1-1— 

<« 

«I«l 

«JUJ 

or  1-1 

dUJ 

*-ll-l 

eKO' 

II 

Qrorr«i 

«o 

anx 

=)D 

-J -I 

o-rxir 

on-i 

ni-l«IO 

aeei/-i 

l/no 

mm 

oo 

oo 

o>- 

t?o 

-l-J 

rr 

oo 

1/1  (/I 

««o 

_I<I 

03 

0101 

«I«X 

OIO 

or 

orzoo 

•UJ 

ao 

0.C 
01U 


V) 

M 
(/) 

Q. 

mm       o 

Ot5  1-1      «x< 

ZZ      "I-l      _l_l 

>-ii-^    z«i     ns 
ao.     i-io    roKj 

33      3«I      33 
_»_l      _IO      _I_I 

ri- 

1-43        «<        «I1-1 

zit/i    ZZ    aa 

33      3«I      33 
-t.^      -lU      _J_I 


010101  0101  a 

333  33  UJ 

TT?  7-Z  «Il-i 

l-ll-Hl-t  1-ii-t  ZZ 

aao.  ao.  mi-i 

333  33  3« 


tr     ir  m 

033  U/Or  ►-►- 

O-tam  mo  mm 

333  33  31 

-I.J_>  -l-i  -JO' 


3 

o 

ct 

Of 

o- 

a 

UJ 

u 

UJ 

UJ 

oc 

X 

I 

•I 

I 

« 

I 

mm 

0101 

«« 

«T 

^ 

t- 

^ 

^- 

-1 

<r 

^ 

01 

^^*-i 

1-41-4 

l-lr 

03 

r 

r 

^ 

z 

_j 

fsi 

z 

oo 

oo 

1-4 

oro' 

a<y 

lUJ 

Ol-i 

« 

<i 

UJ 

« 

Uj 

i-t 

o 

1-4  kM 

1    41    1 

or  01 

U.U. 

U.UJ 

oz 

orz 

a 

Of 

z 

Q; 

z 

I 

or 

-i~l 

HI/) 

o 

U.l-4 

!-►- 

>-►- 

01010101 

«*o 

lOO 

Ul 

Ul 

o 

UJ 

o 

Q' 

UJ 

ooo 

UJU) 

zz 

oo 

01  (V 

011/1 

0101 

3333 

TfV 

<I(/1 

aa- 

«H>' 

«IM 

«J«I 

«I(V 

ON' 

TO' 

OQ' 

TTT 

KJKJ 

IjIU 

<.13 

OUJ 

OCX 

oc 

_!_;_) -I 

1-11-1 

la 

XUJ 

lUJ 

1  l»ll 

l-'M 

lUJ 

1-il-t 

OO 

lU- 

f-V-l- 

1-^ 

►■  k- 

•-'►- 

ofm 

O'O'O 

tt-or 

3333 

</1UJ 

or 

ot- 

o»- 

or 

DO 

o»- 

or 

oro 

o^ 

zzz 

ZZ 

aor 

_l(/l 

CO 

OO-J 

oo 

rxxx 

>->- 

txi 

«I(/1 

<toi 

«IUJ 

t<x 

<im 

ouj 

OuJ 

O01 

UJUiUJ 

UJUI 

UiUJ 

UJUI 

MO 

l-MX 

1-41-4 

1   41    4^H»-1 

_I01 

xo 

«■« 

x« 

ri 

XX 

x« 

n 

xr 

ro 

rrx 

XX 

xr 

xu 

ro 

rxa 

xr 

xxxx 

Po 

r. 

IT 

CVj 

pjir 

fVJ 

pj 

M 

CNJCU 

f^/fU 

Tor 

1— 

arv 

m 

O 

_l 

T 

Ml-l 

«3«I 

aa 

OUJ 

1-1 1-1 

ort-1 

aui 

1-41-4 

aor 

II 

ororo 

oo 

cr 

33 

-l-l 

tt  Z)U 

ori-i 

3>-i«0 

mu 

OO 

uo 

Ol- 

OX 

oo 

-1^ 

rx 

oo 

t^oi 

OOO 

_lo 

C3 

0-(/l 

oo 

oxo 

ox 

orzi/) 

>-H- 

•a« 

«(/1 

«(/) 

«UJ 

«J« 

<im 

•XUl 

OUJ 

O01 

UJUIUJ 

UJUJ 

UJUj 

UJUI 

l-iO 

1-11-41 

1-11-1 

»-4 1-4 1-4 1-1 

JH 

ro 

r«i 

z« 

XI 

xr 

x« 

rx 

XX 

ro 

rrx 

XX 

X  r 

xu. 

xo 

xra 

rr 

rrrr 

o 


x-z.  -oz 

-<c  mo 

■0-0  -z^ 

oo  rnrn 

ro 

^c  mo 

Z'Q  Z-< 

■01  iy)i 

XJ»  -10 

j»;d  mo 

m  11 

&  om 
zr- 


zzx 

mmm 

LOCDTJ 

mmm 


zzz 

mmm 
xz  s 

000 

XXX 

f-(-r- 


zz 

mm 

►-4-0 
ZB 


ZZ 

mm 

Z-I 

00 

0-0 

XX 


■zx  oz  zz 

x>f  m>  cc 

?^-»  ojjj  i/);n 

r>>  X3^  Om 


zz  Q^Z  IX 

i»J»  t-i&  CC 

<<  r-<  II 

»i>  i-ii>  (~t~ 

^/Q  i»/0  mm 

X/O        n  ZZ 

mm        m  qdjd 

H-«        -1  mm 

l-IH-1      r-l  J3^ 


-DZBI 

U)Z 

oz 

oz 

ooz 

OZ 

OCOC 

■oc 

r-o 

t-o 

f-f-o 

r-o 

OCDX);* 

Z  X 

t/ii/) 

(/)(/) 

;c  0-0 

T3-0 

1-tM 

0T3 

►-*t-l 

cmm 

I>I» 

-oz»z 

1/>Z 

OZ 

oz 

ooz 

oz 

OCOC 

■oc 

r-o 

1-0 

rro 

ro 

n;Di 

01 

I»Z 

I>Z 

J>I»Z 

J»Z 

-<roi- 

«r 

-<-l 

■<-< 

-<-<-i 

-<-t 

■g,Ti/>,T 

orn 

^^^ 

^^-^ 

-<  -«>-i 

-1M 

OZ-IZ 

sz 

o» 

OI> 

OOJ> 

OB 

OC0'-*CD 

OCD 

z 

Z 

ZZ 

Z 

omi/im 

rm 

K-( 

n 

Hl-l 

♦-( 

z;o    /O 

c;o 

x» 

t> 

»» 

t> 

0    0 

(/)0 

zz  zz  oz  ooz  oz  oz  Z.'XX 

00  00  r-o  i~r"o  r"o  r-o  mmm 

00  zo  00  obo  00  &B  |-M-« 

MO  mo  MM  ruAQ  II  ;»j:;d  czm 

O  B 

ro  ro 

zz  x:s.  oz  ooz  nz  oz  zzz 

00  00  i~o  (~r-o  r-o  r-<^  mmm 

2.2  ZZ  t>'Z.  BBZ  BZ  BZ  zzz 

BB  BB  -<-«  -K^-H  -<-l  -<-«  CCC 

,«  9  tt^g  -^M  -4MM  HtM  -1M  f-f"!— 

00  00  OB  OOB  OB  !:3»  CCC 

mm  mm  z  zz  z  z  i/)i/)ti 

f"l"  f"r"  B  BB  B  B 


zz 

zz 

ZZ 

MM 

M  M 

MM 

O'jI 

B(/) 

I/)  I/) 

r-r 

o-o 

CC 

M  M 

Mt-I 

OT) 

m* 

ro 

f>J 

zz 

z  z 

ZZ 

(M»H 

M  M 

MM 

ZZ 

-^  -* 

00 

CC 

m  m 

7010 

r-r- 

r-  |- 

00 

cc 

r-  f- 

Ml/) 

0 

I/)  I/) 

B  B 

mm 

m 

V7a 

z 

M^-l 

c 

LOl/l 

z 

B 

z 
m 

■<■< 
l/)l/l 
mn 
■o  o 

BB 

f-r- 

BB 


2.-Z. 

mm 
x:i. 

00 

«X) 

00 
t/)t/i 

Cb 

I/) 


i/ia-D  M-O  ^-4 

mmm  zb  i-b 

13ZO  O;o  MO 

ciy)c  o<  om 

nBZ  ZM  ^M 

M     o  i/)-n  ^-*M 

B    c  -Or-  -tz 

r-  MO  BB 

B  O/O  M 

M  CB  m 

B  B  Z 


mm 
mm 

/DJ3 


c/);d 

OM 
CO 
BI 


oo 
</)l/) 

BO 


r-i-BB 
0000 

zzmm 
«B    mmzz 

T)X>       /O^OO 
BBl/)l/) 
MMBB 
CB 
I/) 


ZZ 
MM 

oz 

;oc 

OM 

mcy) 
;0M 

zz 

CB 


l/)(/l 

■OT) 
BB 

MM 
XI 

CC 

rr- 

BB 
MM 
BB 


l/Jl/> 

Ml-* 

Mt-« 


«  o  a 

cmm 

o-nm 

BOO 


•0-0 

BB 

«<; 

mil 
00 
(-r- 


ao 

MO 
l/)0 
O/O 
OB 
l-M 
Om 
XJl/) 
I/) 


ZO 

mo 
-00 

«/0 
OB 

1/lM 

BM 

lA 

I/) 


00 

XI 
00 
MM 
00 

z  z 


OBO 

Ol/)0 

;cB/o 
o;ca 

MMIM 

m-n-n 
000 


00 

IX 
BB 

I/)  I/) 
00 


mm 
zz 


CZl- 

MTjr 

mf~i- 
cms 

(/)XC 

Cl- 


B(/l 

CC 

Bl/1 
ZO 

-Id 

MX) 

B-n 

Om 

CM 


(/)  i/i  rr- 

M  M  MM 

m  B  zz 

z  c  ma 

0/«  Bf- 

"o  o  /Om 

m  -0  M-^ 


i/)i/i 

T30 

mM 
om 


mM 
■DO 


■DO 

M 


IB 

mz 
■Hm 


om 

•i««« 

■010 

10 

COO 

o~ 

;c« 

IMZ  — 

B  — 

o  — 

r-»« 

M 

0  — 

I  — 

0— 

003 

z  — 

10  — 

(-  — 

I  — 

«z 

oo 

BOO 

mo 

CX) 

00 

-<M 

m;OmZ 

•    t/) 

00 

•  r- 

►H 

00 

oz 

00 

;Dm 

cz 

BA]£ 

mi- 

mx 

mo 

00 

WIC 

z<z 

?^m 

B^ 

OXJ 

rMOM 

M 

CO 

• 

ozo 

00 

m» 

mz 

MC 

MBB 

om 

zm 

mm 

CC 

Mmo 

00 

i/im 

-<B 

oaM 

r-zio 

i/»m 

oc 

^ 

mzz 

•  0 

mm 

mM 

MM 

l/XM 

mo 

oz 

^> 

1.1D 

(•)r-i- 

i<ir- 

>^z 

■H 

•  z 

•J»   XX 

•  c 

r-61 

i« 

Z 

• 

zm 

zx 

•     M 

•          */) 

00m 

MIOJ 

mz 

t-l- 

If-« 

;o» 

•  m 

** 

• 

•         •     X 

0 

•  t- 

I 

M 

** 

— 

mz 

in« 

• 

• 

•  oo 

om 

• 

•    • 

I/) 

*» 

• 

!• 

• 

0 

0 

rn 

•^ 

*» 

• 

to;o 

*»^ 

m 

•  m 

0 

*• 

l-f^ 

•* 

z 

• 

X 

0 

** 

m-» 

•  1,0 

X 

X 

/D 

X) 

M 

• 

0 

X] 

I 

■0 

X 

• 

Ml/J 

m 

-< 

CD 

Ol/) 

I 

z 

m 

(/) 

0 

B 

PO 

•^ 

»M 

OB 

(S 

m 

a 

• 

xr 

0 

• 

m 

M 

X. 

X 

I/IO 

BX3 

m 

m 

z 

w 

OB 

X 

z 

• 

• 

■oos 

I 

CB 

z 

z 

m 

• 

I/) 

•    t- 

• 

m 

(- 

■N 

;oa) 

0 

MI 

M 

M 

• 

r- 

0 

mM 

z 

«C 

I 

I 

m 

I 

^ 

zz 

• 

• 

• 

• 

-0 

• 

z 

Z 
• 

• 

I 
0 

m 
m 

m 
m 

00-0  00  13  -D 

;o^m  C/o  MM 

Brno  :db  "o  ■d 

■<mm  M<  mm 


—o 

ZO 

c» 


zr- 

m 


^ ,« 


M 


•  or                                                         v^<t-<t  co.?2»z  «•»-  or 

«J  i^  2  »»-  I  ZIOOOOO  H  _JZ  •  CJ 

O  —  O                                                              atfoCJ  0»-Zttr0'2a  a  ouj  f" 

•  Uj                                                             »-  ^  «>i.LU  Of  O          O  ^          O               O  Ui  Zfft  «» 

>  r  •  i^  «D  •cr  vovor  of  ->ujx« 

UJ  OT"                                                                            X  t/>  0»«"~<-'«»  XliJ(/l 

X  O  '^                                                                        m       ill  ^^  _J^  ••  «h_J  tfUi                                        •  «»  «»UJ              -J  —J 

•  ox  Q^  •  •  <  *  •  UJ  ZO  U  •  v-i  ^  C  •  ZU.<  A  ^  •  -J  ^  •  •_]  LULL. 
Ill  _i  •  (/i<i  ujrv  sk-  b-  f  .  •  m  »  ^(v  ffT  z  «r  •  xiii  v  •  t/>o  t>i^  •  •  f^-i  -i  tii-J  'V  •  Jiii  •  ^^ 
1/5  inm  {/)  auj  ►-»-  •  ►-  viot-or  ocb  m  >-iO  ut  otn  »-z  o^  s^i/i  ^^  »-v>-  20  >-uj  lsui  aor  oz>-  uj 
3    uj»-  •  t->a.  >~>-<       u.       »-i        ^t-a  >o  •a  a>-  uj    >-d    22    luc    o:^     auj    t-iit-    112  «ii    u.c  oa  32i-  'Uj 

•  c     cK«j  ^  •  qm  DO"      •«      •»      •Dnc  oi>  «>-<  ot-i  •a'    o  >•     uiu     vo    to3     >^t>     «»o  o    j>-  or     lyu.  ►-o  ouj^  «cy 

_ii    a3  —i^  — Q  zer    _/or     _)CD    n/)z»-  —a  —a.  c/ii  _i(j    —o'    ina    — i    -'(/i     ~t2    —oz    — _i  01    —or  •-►-  oa  z  —o 


z 

O.  3 

lu                                    "  « 

_,                                r        :d  CJ                            (p 

<i                                u        X  C                  »-        •-' 

t.                                                   »-^                                                                                                           to  llfl-l_J«/1>-'</'                                                                   (/I 

r                                    1/12                                                                 i_,i_i  0.lO»-iC/>3Q'3i-H                                    3 

M                                                  0«                                                                                         VJ  Ol4jaJ>-»^UJ2>H                                                  t/1 

»•                                          XH-                                                                          U'"-'  O'-'.IJ'Jja-J                                          O 

„                              ►-Q.                                                     t/'O  3fM»-i«irooM                              r 

>                                       Z>-                                                                      (/)<  biZO^^-'CltJU                                       (■'' 

xc                                                                     00  O.                       I>ZO«/lCtt                                        b. 

riu 
«>x 

OQ.  Of           UJ                                                                                                                                                 «5 

HUJ                                 «                         (/I      ««»                                                                                     U>  <I           UJ           2                                                                                                                                   ,-              . 

«T  v>i->    r>e    «ir5    m>-i       ^                          3       ►-<                            cos       w 

»_o  MZ     »-a     «/io    2>-i        _j     1^        intnn    t/i>-i    at/i               t        i/)>^i     (fli 

Zt>  O'ft'      «»a      OZ      Otrt      trt«-l       SC/l      33in      OOf      UJ3          l-i      0«I      32t-      DC 


l-lt/> 

»-UJ 
Zm 


«io 

Mrs 

f-H- 

« 

l-t 

(/^»-i 

« 

>-)i 

««! 

lO      b- 

h-t 

cz 

•II 

01- 

-i-l 

aa 

I-II/14 

(/lO 

►-or 

UJ>- 

zz 

03 

or  or 

(/lUJU 

*~tt-t 

»-(lf 

zo 

oz 

aa 

00 

oc 

2ft»-l 

>■>■ 

2UJ 

UJb. 

«« 

_1»- 

►-i^-. 

-j-i 

uiMor 

UJUJ 

Zen 

rt-4 

zo 

U-Q. 

00 

uu. 

_iXI<I 

tflirt 

LlIC 

Of_( 

wo 

a>- 

t/)(/-) 

t-ii-t 

•-"UJ>0 

lOI/l 

^>- 

<Z«I 

or 

otr 

«I«t 

22 

Ift>-i3 

UJUI 

trtf 

tno 

ujor 

oc- 

U.U 

03 

o«ro2 

ero-' 

m_3              wof      zo      OZ      «I«      00                    oc      2ft»-<           >■>■      tr_|  lu.-.  t-O  30  u-«»  l/lli.  0«P  oh  Ct-C-  Olu  ZZ  i/iw  ►->-  Q'l-iZ  o-o 

MU)          zi^    i^t*-     •*«*    -"-    •-'*-'              -J-*    uii-ior       UJUJ    UiO  oil.  i/)u.  zo  t-v>  o*-"  ^««  *-"-•  •-<«•-'  *-*->  o«  s-i  •!<  uji«  ujz 

,_.            Zen    rt-.     zo     u-o.     00               uu-     _i><i<i     ir>i/>    aui  t-tt-i  3»-«  uiiJ  oc  i-rsj  wi-i  li"*  010  b-3  00  i-f^  ►-•-  '-'P^O'  00 

i/,i/,          Liic     of_(    wo    a>-    t/)(/o             t-iw    (-lUJ^o    loi/i    x»-  00  _j_i  »-u<  «iQf  »z  z><r  •-'*  w.ju,  r>c  i-iuj  u  ui  ^-i  coo  ow 

•"^              -       --     -               ^3  rS<«  ««  »-«?)  o-*-  «»uj  !.-««  o^*-"  o'<a.  oco  «iQr  •ao  ujui  n'oi-i  ofx 

o_i  eft  Qo  oa  ep«  or  o>  "^z  u.a(/>  u.t/i  00  _io'  ao.  aor  ao 


t/lt/) 

1/1 

DS 

3 

<« 

0-a 

Ul 

z 

00. 

UjU> 

a:  a 

i«j 

UJ 

U.UJ 

XX 

•!« 

«« 

0>-i 

(J 

TT 

!-►- 

l-^»-< 

00 

Zl/" 

UI 
X«I 


k-t-  ?T  ^t~  00  «IL  <IU1 

00  ia  22  IX  er_j  «r_j 

Z2  ZZ  zo  ►-•-  0«  ex 

UJUj  UJU-'  0-0  OfO'  Q'l  (yX 

00  00  00  00  0>-  Ofc- 

,Ui  X  O  <IUJ 

ac  '-'>■  «*■«  Ki  00^  ««  ®-l 

ao  coo;  i/io  U-tt  00  uu.  o<i 

^.t,         UJUJ  luu.  a.a  ofoc  ax  orx 

00  00  00  CO  ot-  o»- 


l/}(o 

T 
0 

UJ 

««<I«I 

«/l(/1 

COC/1 

00 

ZZ 

ft- Of 

Z2 

22 

crio 

(/I  !/%«/> 

ZZ 

22 

22 

_J« 

zzz 

ZT 

I«J 

KlNirslKl 

•"-•Z) 

»H(-H 

*-«l-4 

00 

oo 

00 

00 

UIUI 

UIU.UJ 

00 

00 

00 

>-o 

000 

00 

0>-l 

»-4f~i »-«»-« 

a. -J 

0.0. 

ZZ 

to  1/1 

ZZ 

_I_J 

ZZ 

ZZ 

►-►- 

►-►-*- 

ZZ 

ZZ 

ZZ 

J? 

zzz 

ZZ 
U'UJ 

Z(/l 

ITTX 

O-J 

00 

3:3 

COM 

UlUJ 

t3  = 

UlUJ 

UIIU 

»-4»-l 

*-»l-l».rf 

lUUl 

UJUJ 

U'UJ 

UJtiJLI 

<Tli 

e-oro'n' 

cy  «j 

tyfy 

00 

<TO 

^H 

00 

^h- 

*-»- 

to  (/I 

to  10  to 

l-»- 

t-t- 

h'^ 

•-*u 

►-*»^ 

H-^ 

eD_j 

OOCO 

t-c; 

^K 

►-I-I 

ZZ 

(/5t/- 

t-'t-i 

V)V 

t/.l/) 

00 

000 

1/1  to 

toto 

tOl/1 

w»-< 

t/1  tot/1 

zzz 

(/"to 
ZZ 

UJUJ 

aa 

o<i 

ZZ  z  r 

fr'Q 

>>• 

22 

Of  Of 

ZZ 

00 

Z2 

ZZ 

KK 

t-^t- 

22 

ZZ 

22 

_IX 

0-  I 

(/){/<  to  t/l 

x(y 

XX 

«<I 

<< 

UJUJ 

UIUI 

U  UJ 

U'UJ 

ILIU. 

UlUiUI 

UJUJ 

UJUl 

UJUJ 

UJO 

UJtlJt^ 

cu. 

0000 

o« 

00 

OQ. 

oo 

aa 

aa 

aa 

aa 

aa 

aaa 

aa 

aa 

aa 

at/1 

aaa 

ZZ 

XQf>-i3 

UJUj 

0 

«I3 

rjcj 
o< 

oo 

ft 
»-t/^ 

af»- 

r 
OUJ 

> 

UJO 

z 

OO-H 

a 

QfOO 

to 
OfO 

0 

OOf 

or 
00 

WUi 

QfOi 

u 

Ofl 

z>z> 

oeDCZ 

cnff) 

C_  _J 

OQ. 

ao 

aa 

tC'<t 

CT 

o> 

U.Z 

u.ai/1 

Ul/l 

OC 

-JQf 

aa 

0  OZ 

ao 

U'UJ 

aa 

ax 

(/I  I/)  1/5 1/5 

XOf 

XX 

oa 

a<t 

UJUJ 

UJUJ 

UJUJ 

biUJ 

UJUl 

UJUjUj 

U<UJ 

UJU. 

UlUJ 

u;o 

ujuiUJ 
aaa 

C»- 

0000 

o«i 

CO 

o-a 

ao. 

O-ft 

aa 

ftft 

aa 

aa 

ftaa 

aa 

aa 

aa 

at/) 

tSJ 
IS} 


■OTJ      VO      "0-0      -OV       OtJ      VO'O  -O-O  T3"0  "O-O  <<:T]  -O-OTJTJ      TJ-D-OTIT)      "OTJ  TJ-O      -CO  D  "O  TJ-O  V  t)      -OTJ-D      TJ-D  "Q-D-Q  ■Q'O 

oo    oo    oo    oo    oo    ooo  CI-  r-r-  r-r-  i.i>r-  im    iixii    ii  ii     xx  ii  xi  xx     iix    rnm  mmrn  rnm          oto 

TO    3ai    oa    rno    or»    zodb  0(/i  ic/)  tj'o  o»»o  iy)/)'jii/)    <r-(-rT-    cin  xx    <i  r- 1  j>i  oo    ooo    (Di/j  too  ht)          o« 

j»;»3    oo    r-f-i     -oc    o;d    j»H«i  co  mo  cj>  otso  'O'O'a'O    moomo    on  oo    wm  rni»  r-»  mm    ooi»    f--o  »!0^  o«          2'' 

ox  13  ozr"           xo              oo  f-i»r-/0                                     _,fn« 

'O'D      "VO      "OTJ       "CO       "O'D       'O'OTJ  "gu  U'O  ^"O  «<g  "O'O'D'O      "O'O'U^'D       '0"0  Tl"0       "O  "O  TJ  "O  O^  "OTJ       "O 'O  ^       "g^  "gu*^  "CO 

oo    oo    oo    oo    oo    ooo  r-(-  i-r-  r-i-  j>t»t-  iiix     iiiii    n  ix     ii  xx  xx  xx     xxi    nm  iimm  mm 

M-t    r"i-     H-«     &»     -t-t    (-i-i-  i>r>  i»i>  BB  i-(-m  r-rr-i-     r-r-r-r-r-    mm  r-r-     bi.  i>j>  bb  t-f-     i-p-r-     zz  zzz  zz 

mm    -<-<    mm              mm    ■<-<■<  oo  oo  zz  mmo  oooo    i::330<:3r3    r~i-  oo     r>o  oo  oo  oo    ooo    i/)^  i/iyivi  i/)c/) 

zz     oo     ^z                zz     ooo  MM  MM  -i-^  /0/«-i  ^xot     xxxj<x     BB  XX     mm  mrn  mm  xx     xxx     -^m  mm-^  -^m 

MM    oo     MM               -i^    ooo  oo  oo  »^  MM/O                                          OO  r~f—  f— r"  f— r*  mm  mmm  mm          o 

MM    ^z    MM              MM    ■z.'z.'z.  oooB  aB'3  oo  BBM                                        mm  mm  mm  mm  XX  xxx  xx          ~ 

r-r-     cc     r-f-               r-i-     ccc  oo  oo  oo  zzm                                          nr-  bb  »b  bb  oo  ooo  oo           ^ 

r-r-    xJt    ft-              r-r-    xji  mm  mm  mmM                                        -o-o  zz  zzz  ^z          <- 

BB                       BB                       BB  XI  XI  I-|-l/>                                                                   XX                                                                                                                                                                             l" 

yoTO  nn  r-r-                                              CC 

<-<-<-<  BB  UJfcO  Z 


r-x  Bi     oo     ooo  o^  io;o  mtj 

mB  r-B     MM     OOB  r--D  b/o-<  O/O 

CU5  ■Qi/i     mm    ccm  Bm  i/)mo  i— o 

OM  MM     mm     oov)  OBO  louo  xo 

OB  ZB     cc     r-r-Tj  mM  Mom  Mm 

"OM  BM    t/)(/)     BBM  ^o  zX/D  m;o 

IB  B       BB       l/ll/)M  (/»  OBO  MC 

■<  MMO  c  m:ipm  c/> 

|—  MMU>  t/>  OMIM 

r-  B  zto 

B  m 


OO 

XO 

OO 

mo 

OB 

ZOiB 

Ot/) 

It/) 

oo 

OBO 

l/)l/)01t/) 

<^r-f-(— 

oi- 

II 

<I 

&« 

oo 

(-M 

oc 

O/O 

BMX 

CO 

MO 

CB 

OflO 

-o-OTirt 

MOOMO 

om 

oo 

Mm 

l/)C 

ZC 

B< 

Ml/) 

/OO 

MC/)-D 

l/)0 

i/)a 

;oM 

ZIZ 

mmmm 

;ozzzz 

A)I 

oo 

«M 

ox 

■^(n 

cm 

l-M 

-<c 

BMX 

MC 

oc 

{/}!> 

OBO 

oooo 

Moomo 

OM 

oo 

om 

»x 

Br- 

o;o 

MO 

XM 

ZOM 

or- 

Mr- 

xo 

mzm 

»-IH-»M(M 

a»-«IMB^H 

O'^ 

IMM 

B« 

oo 

zx» 

oc/) 

v);»; 

uOB 

c/>/Oa) 

;^m 

om 

MO 

oooi/) 

oooo 

Mmm;cim 

Zm 

MM 

MO 

mz 

Cl/J 

-OM 

M 

O 

MM 

M^ 

C» 

MZ 

M-OM 

CO  I/) ;/)(/) 

COOOmO 

•MtM 

B-0 

zo 

XM 

im 

M 

C/) 

oc 

MM 

r-M 

IM 

BMB 

BBBB 

f-r-mr- 

B 

X 

C/)M 

e-* 

-<o 

B 

MX 

c 

o 

m 

MMOM 

z 

•< 

MM 

(-1- 

o 

(/) 

B 

;d 

BBI-B 

c 

r- 

I/) 

rM 

m 
(/) 

B 

B 

I/) 

p- 

B 

CO 


MZ 
IB 

mx 
Mm 


:)zr- 

lO 

o 

o 

OMB 

CB 

o 

B 

OM2 

ir- 

X 

z 

MMO 

M< 

o 

m 

oom 

r-B 

o 

C/J 

mBo 

M 

z 

o 

z     r- 

I/) 

M 

m 

M       B 

B 

z 

B       M 

z 

</) 

r-      B 

c 
(/) 

z       X  z  OM2  ir-  ;o2  CT3ZO  r« 

<        M  M  MMO  M<  om  omom  i"* 

O  Z       M  O  M  ^ 

"o        B    I/)        B  m         '^ 

X  M  n  1^ 


;or-    oo  r-p-  i/x  m—  mor-  i_—  t-—  /0«_     r-o—  ■0i/)"O"0     mTJuoz  r-c  — ;o 

-<m    /0;q  mm  ob  n;o  »«•  oo  ox  :di>    m  or-  mcnc    •  m  n;oG  Mm  mm 

ox    mm  II  oi/)  o-<  mb  i;d  i«  mo    zbm  o;^ox)        oobm  ztj  •  o 

CBX    mm  XX  Mm  oo  •  -<  zm  z  xo    a-<z  ;^(/)^(/)     z;?^7^-«m  oi/)  i 

•  •      ^z  •  •  a»-^  I'lis  t/)i'i  i>TN  ••r-o  i^xrn  •  i-»  -n^ 

mm  z  •  MZ  M  •      r-  •  (—  • 


OT) 

M-* 

;o-» 

-»CT 

■oiz 

t_o 

750B 

I  — 

OC 

J^ 

•KAl 

sm 

HOC 

mo 

m  o« 

ox 

mv 

XIO 

a-< 

IZ 

OOM 

•oc 

om 

oo 

mi/) 

^70 

(SO 

mM 

^T^M 

too 

^mz 

xo 

zx 

•    /W 

•    UB 

/OI 

•    • 

•  r 

^in 

•  p^ 

m 

• 

• 

-TJ« 

• 

mr- 

ooo  ;d  ;d     "o                                                so 

;oi-io  "o  oom  r-                    o 

ooc»  m  zzo  M                    z 

zii"  o  oo^  z        ~'~-        a 

o       z    ^  7i  »         »  o» 

•         (/)    •  (- 


m 

to 

CM 


or 

UJ 

a  • 


o 

I 
o 


(AW 


•    •  ««  UJ 

0  2I  •  •         u.  • 

-im  (/>  •  _iiir  »T  _j  • 

(/1C  3«3  t-L   V  O-  CO 

—1/1  —I  _(u-Qro  oi 


I 
•  I 

-lUJ 


ox 

UJ 


r 
or 

UJ 
U- 


xor 

u>o 


U)l- 


•  •    •             •  •  •  *r-J  22  z  _il3  O'  -• 

r    •  ^f^  •  •ry  •  ft^  •  y  •  frt-t  erer  (y^  •_!  >-<^  _i 

I  I.  lujaci:  jeD  oec  II  i-iof  i-i>-i  i/)  x     un.  UjI  <t 

uj  I  ujaoiu-o  >c  lui  aa  a:a  >-i  is  (/i»-  ui 

_j  lu  _i:?vuii>-  o-  _iu.  CL  c^o  'UJ  •u      o  •  or>  «r 

—  _)  ^t-or-nr.fy  —or  — _i  uir  i/ii/i  _jr  _)_i    rt-  >«  — 


(/I 
—or 
_ir-> 
«I 

int- 
er D 


to 


►-X. 


nu-  i-i»-  xto 

o«i  u.l-1  o»- 

_-     CT  era  i/i«i 

<]       —(/I  wo-  wl 


UJU->  T 

0:UJ  <_) 

O  O'  •-• 

-a  I . 


•  z 

U.I 


t~t         «i 


i-(         t/i         »-i 


I  U) 

«I 

Zf. 

M 

OQ. 

Mb: 

<<I 

li. 

Z-J 

t-il/l 

•IS 

•-Ht-I 

^UJ 

»-iL5 

»-*»M 

Z-i 

Ort-c 

*-»- 

u  o 

Ul_l 

zz 

MUJ 

_l>-l 

i? 

oo. 

ou 

t/lt/^ 

s-z 

UlUJ 

UJO 

Qr-ey 

U-J 

U-U- 

or 

o 

L. 

«<     »-i  -I 
ZO      _J  -I 


Zci 


^^  d^         30  O*  •— »v-  ^- 1_J  _J   — * 

00    o_japo  t-"t-i  «i«-i  t-i  u> 

i£     z>-<rh-  o>-  >>-  off 

«TO«J  <!(/>  «o  <  <i 

_ir5i<i  a.<s  etor  or  _i 

oaor»  ou.  o«i  c:  u. 


z 

«Il/n  UJ 

(/I  ujc  01/^^0 

HVt-Kt-iUI 

_ir  zajU- 
noujori-iQ 
o{/ix(ro>-i 

<I«JO«I«JQ' 

orjt-jo't-i 
oerujoo* 


(/I 
(/-i-i 


oz 

oruj 


l-MT  O 

_IUJ  u. 

MI  <-«l 

00  o_j 

«i_J  ZO. 

Qrr5  3  j: 

00  -!« 


i-iX 

00 
00 


uu 

Oo 
UJU 

»> 
o  a- 
00 
zz 


oz  ora 

l-lt-i  UIO 

U-or  crz 

nu;  or? 

<-;(/i  ZO 

<IZ  «*UJ 

0  1  irn/i 


U-Mi  rt  _J  »-tM  »-i(/1 

oru:  ZO  cA^  _juj 

c_J  i-iu.  u  o  -JO 

00  OM  MU.  <tM 

(/IZ  Q-Z  lv.1-1  i-o 

VI-  <i3  zx  i-or 

not  TO  u  a  OM 

flQ.  UJO  X»-  Zd 


o'or  MO 

oc  .ju. 

U-lt  U.C-  i-O 

MM  »-^Z  ««M        «« 

CO  or^  M_j    00 

OZ)  <IH-  Z  _J      (/1t/l 

<I«I  l/iO  U,«I      33 

ao.  «Q'  00    u  u. 


r5«  <X^*S«3  cr<J 

MM  _J_U_)  J_J 

Z^  -l-l_J_J  _I_J 

U,tn  MMMM  MM 

MI  Mt-t-M  M»- 

00  7T77  ZZ 

V_l  U  UJU-L.  UJUj 

««»        _JUJ  Mk-KM  MM 

00      03"  0000  00 

0.0.     at/)  oee.Q.  0.0. 


d  4       «<T«3<r«K        <X«1       «TC7 

_J  -J     -J_J_I-I_J-I     -l-J     -J-J 


z  z  ^zzzzz 

U>  U  UJU  UJUJUUJ 

«I<I      MM  MMMMMM 

00    o  o  000000 

0.0.    a.  a.  0.0.0.0.0.0. 


«VJ 


M 


irro 


(»o     fo 


00 

o.a 


M     Mfr 


do 
00 

o.a 


ad 
00 
a.0. 


d  dd  dd 

rM  _)_(  _)_j 

sor  ^-i  _j_i 

2d  MM  MM 

0<J>  MM  MM 

ITM  zz  zz 

V<^  U  UJ  UUI 

JQ-  MM  MM 

OU)  00  00 

ao  0.0.  ao 


u. 

00  u-c     oror     _t=>x<i     OTd     oror    or  _J  O'.iM^QrM  oluj  aO  z>T  uid 

a.c  u._j    uu.     oQQr>    (iu.     od    ou  oaDujoo>  oa  oa  ">«  _j> 

c/it;  oc     01     0000     Cjc-     00    o  o  000000  00  00  00  00 

a&    a.(/o    a.o.ao.     o.a     0.0-    o  a  aao.a.a.a  a.a  0.0.  a.a  ao. 


OM  X 

>.(/)  00 

_iQr  zz 

oui  cc 

o  a  00 


o 

dZ 

ttd 
00 

a.a 


dd 
00 
O-O. 

fn 

dUJ 
l/^t/-) 
00 
0.0. 


dd 
CO 
0.0. 

SOT 
l/IO 
00 

o.a 


d  d  dd  d 

00  MM  M 

(/!(/)  _)_!  _)d 

MM  U.UJ  UjM 

G0'/>      00  Z'?'  ZO'       dd       dd 

r>— 1      C-O  MM  Mlir       _J_I      _l_)      cotr 

Z.-Z     r>zi  00  00    cc     cc    =3r> 

33    uiUJ  OL  o>-     oror    o- or    or_) 

eye-     inVt  3—  oj     >>.     ►  >-     >d 

O.Q.     o  Q-  O-O.  o  l5     0.0.     0.0.     or 


o 

I  ar      U:d  DM  dd  </10  U«  313 

uja    iM  z«  o  fl.  do  ca  uu 

oa      (/-.(A  33  3_<  >■>-  >•>  >■« 

oa    aa  fto  ao  aa  aa  a» 


N3 


cc    cc    ooo  oo 

mci     HO    r--<o  -oc 

C  X 

cc     cc     OJO  30 

cc      cc      I>I>I»  I»I» 


T}v    yon    nyo 

00       t-(»H       t-IHH 

I — >      il     o* 

-<C      00      OT) 

o 


1-4 1-» 

mc 


170       Ton  n/O  -l» 

»-(»-(       MH^  h^HH  OZ 

Bi     ;do  «o  xc 

00    o«  mm  wto 

o  >-)  o 


H-oxi  -^a  -^n  w 

on  01  01  «>» 

TJ*.0  oo  OCJ  CDC 

!>»»  CC  •-•'H  OZ 


■O/O 

w;d 

nn 

;o;o 

yon 

I»t> 

»i> 

■Of 

j>j» 

i>i> 

oc 

•-"Z 

al- 

-00 

c-n 

OZ 

z& 

00 

CI 

zr- 

■\)      r\» 


ro 


nn  "0-0  3"0  3fo 

I»»  -<-<  o-<  o-< 

xi-n  n<  cc  z« 

mr-  xw  zz  mo 

rN)r\J 


oc/t 

Ofl 

o-o 
m. 


;o/0    /«»    -o«    /0/«     .««    /«<«    «/«     -i-w  -«"D^  -in  -tn  nn  nn  nn  nn  nn  nn  nn     n-o    i.'O      *"D 

00     '^'~'     '^'~'     '^'^     "'"'     "^"^     '^'~'     o-i^  oix  01  ox  »»  J»I>  »s>  J>I»  J>I»  I»l»  I>J>     -<-<     o-<      O"* 

»;w    joJB    j]i9    jjoo    tDCB    jjoB    cDoB    xc  xi-<c  xc  xc  ZZ  ZZ  ZZ  ZZ  ZZ  ZZ  ZZ    nn    z«     z;d 

•in    mm    mm    m  n     nm    ittm    mm    >-ti/)  nfi/i  ni/)  ni/i  cc  cc  cc  cc  cc  cc  cc    C2<3    mo     mo 

00      yi'J^      i/H/)      ><1»/'      l/)^      1/)*/)      t^i/)        5  TO  ."J  i.1  ^Z  ZZ  ZZ  Z«£  Z^  zz  zz      I~r-      i/)|—       i/>i- 

Tj"0                                                              o  01-1  o  o  00  00  00  00  00  00  00    j»j>    mi>     mj> 

>i>                                                              o  0-1  o  o  cc  cc  cc  cc  cc  cc  cc              i/>        ^ 

m  mm  m  m  r-r-  rr-  r-r  r-i-  i-r-  r-i-  r-r- 

z  zx  z  z  cc  cc  cc  cc  cc  cc  cc 

O  00  O  O  1/>L/1  C/lbO  (/ICO  bO(/l  U)(/>  l/>(/)  l/)(/) 

^  ;cz  n  n 

00  00 

z.  z  z.  z 


IZ 

l/)n 

m»-i 

-to 

(/Iff) 

»» 

■am 

n  n 

m;o 

<nc 

no 

on 

»-it-t 

I/) 

CT 

c 

toe 

01 

COI  I/IZ  1-0  ZI  CK 

r--<o  BC  <c  00  om 

-«x)0  i»-t  nn  c^r-  or- 

^t-io  r— ^  i»<  om  oc 

>m(/i  ai»  -it-i  r-»-<  o-h 

imn  >-tZ  X>tO  f~t-i  nt-» 

OX)n  Zl»  •-!  O  ZZ 

ZB  r>  r-  z  oc 

H  n  n  hH  Hi 

j>  n  o  rj  1-1 


flX 

»i 

/OO 

»o 

mc 

00 

O/O 

mm 

-<o 

mx 

mc 

z;t3 

HtO 

xjm 

fNim 

i-<m 

00 

t-ir- 

f-z 

mc 

i-z 

mr- 

i-i-t 

ox 

l»-t 

Oi-l 

nC 

« 

na 

(-H 

£ 

X 

mz 

»-i 

m 

c 

c 

nnn 

00 

00 

JBC 

oc 

i-lZ 

Bf- 

■DO 

cm 

/om 

o«i 

CC 

i>i>t> 

cc 

•-It-* 

OZ 

OZ 

ZB 

00 

ca 

zi- 

mr- 

IM 

ZZ 

000 

mm 

<« 

zn 

GO 

-«-t 

cz 

om 

BB 

OB 

r;D 

MM 

H>-ll-* 

x),xi 

mm 

CT-l 

OM 

mB 

BO 

i/)f- 

i-x 

-IX 

om 

mm 

000 

00 

nn 

BZ 

r-z 

nz 

-^t-l 

ii-i 

Bi 

Bi 

;oz 

|-r- 

l>o» 

HHI-l 

LOC/l 

/OB 

BB 

-tyt 

1-1  ;o 

IZ 

toe 

zc 

BU) 

00 

zzz 

mm 

h-lt-l 

o-< 

10 -1 

m 

r-o 

MM 

or- 

i/)r 

z 

/D,« 

c/)to(y) 

c>i:d 

rr- 

l-IC 

>-lC 

X 

►HI/) 

M 

IB 

B 

•H 

BB 

r-r- 

00 

Ml/) 

t-l</) 

-< 

LO-4 

m 

I 

i-»h-i 

OJOB 

c 

» 

z 

B 

CB 

CB 

(/) 

M 

CO 

X 

X 

(/) 

M 

COCO 

00 
mM 
om 

MZ 

m-t 

COM 


X9 

mx 
im 


m 

0 

f- 

-0 

M 

B 

M 

n 

CO 

m 

0 

0 

X 

i/i 

X 

-< 

H 

m 

G 

^ 

z 

CO 

M 

CO 

-0  — 

XI- 

i;o-. 

om 

0  — 

o;o 

-0— 

0— 

10 

^0 

zo 

MO 

M« 

■n-<i: 

«  n 

.01 

00 

TO 

oo 

O/O 

m  0 

C  3 

OX) 

0 

(-OB 

m;D 

mo 

m-i 

om 

CO 

i:m 

im 

MC 

mm 

I 

|-(SM 

■OZ 

mo 

mi 

^0 

OC 

mm 

om 

MO 

/um 

X 

l*l*    I./J 

M» 

^^ 

^/W 

^ 

I   (.1 

t-z 

•  z 

•  r- 

mo        — 


;D;or- 

oco 

OM 

0  — 

lo 

0  — 

ro 

;do 

oar 

I-r 

coco 

or 

cor 

mB« 

X)M 

o» 

^j-i 

->• 

CO 

BO 

MO 

mm 

•  • 

zo 

o« 

B» 

im 

mm 

m 

mo 

z 

m» 

ro 

o» 

coo 

•  I 

B 

r 

a« 

mc 

mN 

m» 

mo 

mm 

co;c 

I 

com 

£ 

-< 

M 

• 

zo 

z 

Z/O 

1-0 

zm 

•  • 

B 

•     LB 

I'l 

t/l 

m» 

mo 

m» 

r-z 

mz 

;w 

• 

IM 

B 

;a 

m 

m 

-< 

-0 

VI 

r- 

0 

(/) 

t/> 

• 

aa 

• 

m 

• 

•< 

l-H 

m 

M 

X 

0 

CB 

0 

XI 

• 

o 

M 

X 


in 
in 


X       o 


Oul 

O'er 


—  UJ 


►-■a    or;    «iu.o 

O  >-      CC      ft«UJ 

—a    —a    — aa 


_iep  ujo  •»- 

_)0  i-iUJ  Ll*- 

«3>-  31-  «I3 

ao;  —3  orz 


•    •       O    •       fr-T^T       C^  _J       «  •    •    •       Q   ^ 

(D(r     uj»-     UJUJZ     c;5     (£_i-J     ^~^-^-     ljuj 
com     i/oz    "-OCT     ~o    (Ttrcc     zzz     ao 


q; 


•a 


oo     O.  >-i      •«     zu 
i(/i    «.a    _)>-    —I 


K/1  -I 

arr 

i-ia      • 

>-.  c- 

l/)(/l  •  _J 

ivrv       •  •     _i  •  _j_i 

kJUJ       t~¥-       L3— I  <^ 

Ot     K>-      2(J  j:<i 

r?    ro    ujz-  t^r 


o 

<io 

z 

-JO 

Q: 

_iep 

« 

iiJ3 

O 

erto 

zz 

Ujuj 

CO 


UJK 

TIU 

<II 

Zw 

t- 

< 

OQ. 

<>l 

to 

z 

1-1 UJ 

t-H 

3 

(/I 

{/la 

u. 

-J 

_i 

1/0  l-H 

<3 

i-i^ 

•-Ifl 

a 

<j 

Z(/1 

-J 

_IZ 

«i«r 

k-Ul 

t-ct 

^ 

li^Z<I 

*-i 

aO 

t~>~ 

Zii 

Z-i 

iniL 

OLt,»- 

ax 

K-r 

« 

«»•« 

U'O 

L  C 

Z)a. 

ZZQ. 

oa 

TO 

iji«i 

»-t- 

l-HUJ 

<rio 

ZO 

UJOX 

l-iO 

OQ 

_IO 

=  => 

(ja 

»—»-• 

l-HO 

OC30 

t-rn 

Zt~ 

313 

TT 

I/)(/n 

oa 

lAU 

C/5U  C- 

ot- 

Ol/I 

o<j 

rx 

o_i 

Qr-ct 

Ott-Z 

fyui 

IVO 

IU_I 

OO 

oa 

DX 

aot-" 

10. 

era 

OL5 

CO 

(/I 

i-iZt-< 
«j      i-<Ot-t 

ao     _ji-i_i     t-io 

U'Ll       OTTLT       O'Z 
21-1      3«ir>      tTQ 

sor    oio    o« 

oa     OOO     oo 


_l 

10 

at 

aaa 

a 

a 

a 

1-1  (/) 

I—*- 

(^' 

01 

(/I 

a 

TZ:z 

2 

i-< 

(OO 

-It 

1-1 

i-f 

1-1 

i/i_( 

<l<l  a 

a</. 

too 

-J 

—la 

zo 

oo 

-1 

-111 

_l 

i-<a 

t/1 

l-ti-ii— 

_ji-" 

21-' 

o 

OZ 

a 

Uil-1 

uor 

a 

ai-t 

a 

_IT 

*-• 

OCjO 

-icn 

LJa 

u. 

u.a 

a 

D2 

l-O 

t- 

t-_i 

i-a 

aa 

a  _i 

ZZ2 

va 

_lt- 

i-ia 

l-c*-( 

C'*! 

l-iCf 

_IO 

2 

2-1 

Z_) 

ZU' 

►-a 

OOO 

axo 

CZ 

Q-c/i 

o-cn 

Zl- 

=»o 

-lO 

u 

Lia 

UIO 

l-O 

a  > 

IXI 

r3Q.2 

UJUJ 

OO 

ox 

aa 

uiu. 

•-"O 

oa 

OI 

oo 

oo 

t-l-i 

xxr 

ec«3 

>1- 

u,o 

UJ=3 

1-»1-| 

l-IO 

^l-( 

t-T5 

l-O 

1-1  (/, 

^-4^^ 

1-1  (y 

Ol- 

ZISD 

>-iO_l 

«a 

f-a 

1-  _l 

_l_l 

(/)= 

2_l 

au 

f^r 

oa 

OU- 

uo 

Z(/l 

QrO'tt' 

XOr'U' 

lyui 

ZQ? 

2C 

aa 

i<i 

oa 

V</1 

02 

oa 

oo 

Ul- 

r>uj 

OOO 

uiax 

Ol'' 

1-iU 

WO 

v^ 

_)0 

xo 

ra. 

oa 

cx 

oaf 

cx 

aa 

a 
Z 

o 
a 

aa 

t/n 

aa 

aa 

aa 

tCOD 

3 

a<r 

a     a 

aa 

i-iM 

1  11  1 

t<i 

aa 

1— a 

vw 

Z 

i-»i-t 

o    o 

oo 

irun 

aa 

aaor 

aa 

l~DO 

oo 

ao 

oo 

U. 

^•^ 

aaa 

aa 

OO 

aa 

"^UJU. 

_i-i 

<1<1 

aa. 

aa 

ao 

(/-/I/O 

o 

oo 

IVl-ft' 

lyo- 

oo 

>-»- 

UiXT 

aa 

oo 

aa 

aa 

_i_J 

1— *- 

1— I— 

ll  UI 

t/ni/o 

u  (/-U 

XX 

uu 

oo 

XX 

b-^ 

ffcc 

1—1-1 

XXX 

XX  X 

oo 

uu 

uu 

oo 

XX 

l-C 

XX 

oo 

trtc 

OO 

i-'i-.i-i 

1-lw 

i-jt-i 

artr 

MH^ 

l-Hl— 

oaa 

■>> 

1-*  1—1-1 

1—1—1— 

1— ►— 

1—1— 

1—1— 

V.in 

1—1-^ 

i-i 

1—1— 

L50 

oo 

ec-en 

xzx 

_l_l 

XX 

xr 

-t-l 

OO 

KOO 

-i~i 

^-l-l 

-l^-J 

zz 

XX 

XX 

-l-i 

_i_i 

oa 

-t_l 

ZZ 

=>o 

oo 

aoa 

<ia 

aa 

aa 

a 

<t<l 

«i-(i-i 

a«i 

aaa 

ttt 

aa 

•3*1 

aa 

aa 

aa 

ao 

aa 

aa 

O'Or' 

ft'O' 

(/nO-t/1 

1/1  tn 

tot/i 

</o(n 
fvj 

(/)!/) 

t/ixx 

loinm 

MI/M/1 
C  CVJ 

totfl 

(ri/1 

C/l</1 

</i(/i 

i/iir 
IT 

(/I -I 

!/>(/! 

t/it/i 

•U' 

a 

X 

c 

a 

O 

f 

e^(/i 

o 

►- 

o 

ao 

U-l 

tta 

oo-z 

auj 

ao 

Ul-I 

CO 

oa 

oxo 

oa 

aaa 

xauj 

auj 

za 

zc 

aa 

aa 

oa 

>-(/1 

OZ 

ac 

ca 

oa 

aci-i 

aa 

aa 

oc 

oo 

oa 

oco 

oo 

OC'O 

uiax 

0(/) 

l-U. 

1-1  c 

■x^'ic 

_JO 

S  o 

za 

C  a 

IrtC 

OO 

oo 

aoa 

aa 

aa 

aa 

It. 

aa 

ai-11-1 

aa 

aaa 

aa< 

aa 

aa 

aa 

aa 

aa 

ao 

aa 

aa 

ao- 

ora 

</iai/i 

I/O  (/I 

viir, 

10  to 

l/0(/ 

C/Ot/l 

(/)XX 

i/)t/- 

l/TC/llO 

t/ii/)i/j 

(/)(/) 

mm 

i/)l/) 

I/O  (/I 

(/0(O 

i/i_i 

l/>(/0 

loi^. 

aa 
crer 
aa  aa  a(y 
oo  oo  oo 
aa  aa  mtA 
aa  aa  i-i- 
uii  uii  oo 
1—1-  1-*-"  oo 
XX  XX  zz 
aa     aa     aa 

lAUl      tntA      C/M/l 


aa 

oo 
aa 
aa 

u  u 

1—1— 

XX 

aa 


CC  a 

oa  oo  U-i-  oiiJ 

CT  ca  cx  aa 

aa  aa  aa  aa 

l/i(/i  tot/1  i/>i/)  l/ic/i 


I/)  wo 

i/jmi/) 

C/)(/l 

\AJli^ 

(/liiiyi 

i/it/i 

(/)(/) 

t/)iyi 

1/171 

CO  I/) 

l/)Ul 

l/)t/lt/)tO 

1/1  (/I 

<-t^ 

i-i(-n 

KHH* 

l-*H»-» 

mm'n 

fTTTl 

mm 

mm 

mm 

mm 

mm 

mmmm 

mm 

II 

(-J)I 

I-HI 

roo 

r-nui 

"no 

-co 

no 

tz 

CI 

(y)h-4 

k-tOOM 

I  T| 

o-< 

0,0 -< 

zo 

-<oo 

»-<-< 

r-t/) 

ri> 

i>;o 

mm 

1-<C 

oz 

zooz 

-<o 

I 

UB 

j; 

m 

I 

fM 

r\> 

ro 

nj 

CM 

•NJ 

r\)M 

ro 

I/tin 

«/)rT)vi 

l/»t/) 

t/jl/iw 

tOUlLO 

lyjLO 

i/ii/) 

(/)(/) 

Ult/) 

LOi/) 

i/iu) 

1/11/)  I/)  I/) 

J\iJ\ 

MfH 

Ml- 11 

h-t*-» 

(-II-II-* 

mmm 

mm 

mm 

mm 

mm 

mm 

mm 

mmmm 

mm 

-»-< 

-H-<-( 

r-r- 

l-r-f- 

Z.2Z 

zz 

zz 

00 

zz 

zz 

zz 

zzzz 

zz 

BI> 

t>lj» 

mm 

rnrnrn 

mrnrn 

mm 

mil 

cc 

nm 

mil 

im 

mmmm 

mm 

Z2 

2.1^2. 

^^ 

^JL£. 

000 

-"5C^ 

00 

^^ 

Cl.T 

O.T 

00 

."»oo.> 

D.-l 

t-l'-l 

MUlt-l 

rim 

iTimm 

i-it-*i-* 

t-«^-t 

h-l>-t 

n>-t 

»-ll-t 

»-if-« 

l-IIHh-1f-l 

l-tl-H 

oo 

0        0 

000 

00 

00 

00 

00 

00 

0000 

00 

zz 

z    z 

to  CO  cO(/)co 

mm  mmm 

lo  o  tjio 

c  -<  co» 

I/)  CO  cococo 

m  m  mmin 

Z  z  zzz 

1  m  mmm 

c»  t:)  rjo.T 

o  o  000    (~r- 


coco 

xco 

COCO 

CO '/I 

CO  CO  CO 

coco 

coco 

coco 

or) 

■-•B 

BB 

BB 

BBB 

BB 

BB 

BB 

oco 

mo 

0-1 

->io 

I-  J) 

Xixi 

XXI 

nn 

TJT3 

OT3 

■oi> 

;oc 

Ol-t 

Ci-I 

OBH 

mB 

BB 

8S 

Q-O 

O/O 

X. 

-£ 

^ 

B 

m« 

OJ^ 

r\jr\J 

r\) 

ro 

CO  (/I 

XU) 

I/ICO 

t/ico 

cococo 

coco 

COCO 

k/1;/) 

00 

Ml> 

I»I» 

BB 

BBB 

BB 

BB 

BB 

cc 

o-» 

r-(- 

f-r- 

r-r-r- 

Z^ 

ZZ 

XX 

-1-« 

X)C 

-Ht-t 

►Ht-I 

»-1t-4»-4 

J3  ja 

JOJS 

-*i-i 

men 

JM 

XX 

XX 

XXX 

CC 

cc 

mm 

(-r- 

im 

00 

00 

/0;o 

(D 

rr- 

mc_ 

cc 

<za. 

BB 

m 

»!» 

;d» 

coco 

coco 

00 

z 

/O/O 

h-* 

BB 

c 

II 

r-cDi 

►HI 

r-00 

r-oco 

mu 

-t-0 

10 

rz 

ex 

^M 

i-lOO-l 

im 

CO 

0 

■010 

mo 

OCO 

1-^ 

ZZ^ 

z/o 

0,0 

TJ-D 

C3-< 

o;o-< 

zo 

-<oo 

B-<-H 

r-01 

IB 

B/0 

mm 

i-HC 

OZ 

zooz 

■<o 

c 

-< 

COB 

-OB 

Oi-< 

C>-i 

OBHI 

mB 

BB 

CC 

;oi/i 

zmco 

00 

Br-c 

mz  D 

Bil 

mc 

-«m 

093 

zr 

Z  H 

-tZI-H 

om 

:a 

z 

tJIZ 

1-1 1- 

C-H 

HO 

ZOO 

ro 

1-0 

ZZ 

01  CO 

a-i 

o<-i 

T)-r, 

r-co 

-tjom 

«C 

m  0 

com 

COI 

-<-< 

zm 

nocc'i 

^-t 

z 

J) 

come 

c-m 

r-c) 

mn 

o^-« 

Bin 

r-m 

r>o 

TJO 

m/O 

ni-i;o 

Bm 

r-ir- 

I-IBT3 

CCS 

<:2rr^ 

00 

-<m 

BII 

mo 

omzo 

Oi-l 

c 

B 

II- CO 

o;o 

-<I 

BO 

omc3 

zs. 

wz 

-4-1 

mi-t 

Oi-i 

mm>-i 

z» 

H-ICOB 

mr--< 

|-B 

■«  0 

zz 

muo 

II- 

1-1  1 

;oz  JBm 

-00 

0 

|- 

1-1 1- 

OJH 

mm 

B 

IZB 

00 

00 

BB 

0  n 

»-<x 

oox 

t-it-i 

MI-IC/) 

r-BB 

CC 

-\(n 

1-tm 

cy) 

mo 

ya 

►-.co»h;0 

IC 

c 

B 

Bh-* 

i-t-T 

oz 

Or>l 

o>/) 

BCO 

-1-t 

►-•z 

0 

r-(- 

B>H 

o;dz 

co;o 

c 

z 

»-t— * 

ZOD 

0 

m&B;« 

l-ICO 

CO 

n 

Zi-< 

>-«C 

Md 

o>-> 

BB 

CB 

BB 

mi 

m 

nt-* 

Z>-i 

^1-1 -t 

m 

r" 

^ 

m 

COB 

hH 

O-tZi-l 

P" 

t-H 

c 

mr 

t-* 

ZB 

/O 

0 

COh-l 

CO 

cc 

B 

COI 

c 

c 

m 

0 

1-1 -H 

z 

i-ccz 

0 

0 

I/) 

OB 

CO 

BZ 

■0 

B 

m 

Z(/) 

COmm 

o-n 
mo 
tor- 

M 

c 

CO 

CO 

n 

COC 
CO 

c 

CO 

•HCOl/lC 

c        CO 

CO 

0 
m 

U) 

0 
m 

CO 

I--4 

HHB 

B 

B 

B 

mi-4 

TJO 

»-l 

-«z 

IB 

mz 
-im 

00 

BB 
COCO 
00 
BB 
00 

mi-n 
zz 
coco 

COlO 


#i*^ 

t_z  — 

COd 

•  •  w 

c<z 

• 

T.^ 

rr^rvi 

1/1  CO 

•  •  <,> 

00 

• 

•    • 

COC 

*»  -i* 

zoco 

>-IZ   S 

00 

-im>-i 

•    • 

ICO-< 

z 

III 

ozo 

o;o 

;oz 

-<  — 

?^ 

O-t 

o»» 

100— 

Xl" 

0    CD 

ZOI 

ir 

BOO 

oco 

o-< 

■<>-< 

US 

^« 

^0 

Ofl  oz 

-<-0 

-T  C 

C  flO 

B« 

-<IO 

mHm 

mo 

00 

OB 

mB 

m 

mB 

ommc 

o-< 

•   m 

-<mo 

Z 

t/im:^ 

m-tm 

moo 

T3I 

m-i 

mA 

m>. 

mB 

;^mm-H 

030 

:k. 

-im;^ 

•    !-• 

z»  z 

^* 

•    X 

1/1  i/> 

^m 

zc-> 

z-< 

•    Z<i-1 

•  cu 

•  z» 

f- 

r- 

m    m 

m 

• 
"0 

m 

z 

z< 

n  — 
0 
0 

mm« 
0 

PO 

CS 

B 

m 

-< 

BCO 

z  — 

3103  — 

0  — 

o~ 

0  — 

ZB 

C  J3 

BBI 

:oo 

0  H 

BO 

OZ 

-«m 

f-;DO 

B^ 

m« 

l-B 

mco 

-100 

1-  00 

-<B 

m 

or 

/OCJ 

•      L« 

B/N 

-* 

z-s 

CICJ 

I/IZ 

• 

-<• 

"^ 

m 

om 

l/l 

'^ 

-1  — 

0 

<j 

• 

z 

■ 

^ 

0 

mo 

n 

*» 

X 

TO 

x;d 

z 

CO 

0 

0 

hH 

0 

BCO 

Z 

BZ 

z 

;o 

«;b 

0 

zo 

z 

B 

l-fC 

o« 

■< 

riH 

00 
II 
00 


X  > 

o  o  • 

w  X  X 

X  u 


■ 

u 

r 

• 

o 

>- 

b- 

o 

z 

« 

l-t 

»- 

H- 

M* 

Of 

z 

H4 

• 

• 

or 

• 

o 

I 

u. 

Li. 

iLl 

C/1    • 

«k 

(/) 

(/I 

• 

« 

_J(/1 

«k 

liJ 

#» 

Lil 

Uj 

in 

o 

UJ_I 

•  U- 

ZUJ 

• 

o 

c 

0- 

U 

U 

X 

T 

u 

U 

K 

>~ 

M 

M 

I 

XUJ 

r 

•  UJ 

I 

•UJ 

• 

-12 

►- 

_IUJ 

J 

UJ 

z 

a 

(O 

•UJ 

3 

•o 

UJ 

ua 

^ 

o 

or 

o 

X 

a 

»-      Ull/) 
O      ZUl 

z    oz 

->o  —  —         _UJ 


Ui  •Of       •  Qruj*-t»  x.    %  ^  %       •  •  •  x»u  cn»c 

M                           yiU      k-y       lliy        1/1    •              •              •111       _lf/l           jr              •  »-r«  Z    •  I1J5'      f>JI/l  •  TX  u_i  V    «  «i    .  m    «  3-X       Z(V  UJ_I      -> 

2_l      — _l           2      KUJ      UJUJ        ►-l/>      —to      ••►-O      «»I        (UJ  V(/)  OI           Z  TI       Z>-  ►-  OX  SO  O^  OOD  Off  OI      UJUJ  OUi     UJ 

a^        (^        •          SUJ      OrUJ        <^        '^        •^Z      ZO      KUJ  «^  ZK  •  UjUJ      \ii1  **-  MU  03  OO  >-C:>  >-0  •-•U      UJ&  UJO      *- 

ot-     _i»-i    «  •    zo'    0&      i«     _j«»    _jDuj    3Crt    MO  orui  ujs  o  •  cc     n  o3  T*-  cc  ic  CKV  o  >■  rt-     &•-  _)>-i    vi 

«ii     —I     — <i    wo    —15      —X    —I    —zi    ouj    «o  oz  i/io  — o  tt^     •'>»  oz  •»!  — 'O  ••I  — o'  ~Q'  >»T     oa  —m    — 


a  (^ 

UJ  t-i  < 

-I  =        -> 

4  «  a  O 

k-  ^  o  u.  _ 

UJ  4  MMObJ  \/\         a  O 


r 

l-l 

3 

M 

tt 

2 

o 

bJ 

-i 

c 

d 

3 

« 

_l 

1-^ 

a 

c 

»-« 

>- 

o 

(/) 

2 

«t 

CJ 

a 

r3 

or 

<r 

o 

a 

ir 

ruj 

az 

2k- 

M 

oa 

1-1  UI 

« 

u. 

z 

t-l<o 

«« 

»-UJ 

o»- 

2>-' 

« 

>-l« 

<« 

« 

UJO 

Z«J 

^-J 

2t- 

Z<I 

MUJ 

«IUJ 

UJS 

«« 

4»-l 

OQ. 

k-lk- 

rz 

OO 

\liT 

l/im 

tt-O 

ou 

Uik-I 

UjI-i 

«« 

UJO' 

OO 

orx 

r_) 

zo 

en 

Ott, 

1^                                       3l-l  bJM  3«_l>-i  Oi-<<I  XX 

4                                    ZX  _JV)  ac>-<>-  t-irsjUJ  40 

>                           U)i-<  a</i  o(/i24  oz«/i  of»- 

ft'x  xui  cjarjor  suio  ^m 

cj                UJ  4t/i  (/•                oao  _j20'  O-J/) 


4              X  4  4  (/I  a  in 

»H  3^ft»Ul  (/1|M»-^  4 

_l                  or  4  4r  O                  t-1  lrt_l  (/1_J  4                             M  44  4  4  4 

e  l-lU.'  1-1  >-lD  »-l  4</*i  kMO  ►-<4  k-4                        —J  k-ll-4  1-1  •-•k-t  k-*-*  T  X 

•1       44       4U.4  t-lU.  Cl  cor  OX  ZZ  I/IU.  (/1^  4tn                       O  »-ll-l  l-t  OO  44  4>-l  H-(/)  ^ 

t-lM       (/>t^       »-!-•»-  ITM  44  40  13  MUJ  ZM  ZZ  _lO                       U.  fcO(^  1/14  UJU)  t-t-  OCn  2>-l  Z 

1-iz    OO    4_i4  4  J  oroo  o  J  ot/1  -JO  uio  u;uj  3Z        4    •-'4  4u  4k-  J  r  44  mui  4_i  4 

>3     XI     _ii-"_i  j_)  MO  M3  40  34  13  10  xm  oror     _io  -jm  _i4  oor  c/icjn  im  04  o 

OrO       UiUJ       .J(/1_J  ouj  k>M  Ma  <^— I  00  off  OM  MM  UJU-       3M  Ofvl  OUj  UJUl  ^3  4M  >■  U  > 

Oro      OO      UJl/>UJ  3er  _/_)  jO  Of-J  OC/1  MX  MO  43  0.O       MO  3Z  31/0  MM  MM  orz  _)0r  _J 

44       44       MUJM  ox  3M  30  4M  04  M4  MO  0  _l  l/l  CA       UJ3  OUI  OO  Z2  ffer  >■  UJ  ^C  4 

ax    O'er    t/jwc/i  03  to  xt/i  c/i>  t/10  t/x/i  wo  t/)o  44    ecj  ox  eor  mm  co  ax  off^  o 


Z  l/^  C/1 

►-H  M" 

f"  C/J  _l  _J 

3  44444  3  OC''44 

Z  44  44  44                      ■Z.'Z.      ZZZ  00  00  00  _!(/>  X  I  m*-.  ►i 

Uj           X4  X4  UjUJ  ujuj  ujuj               mimi    »-ikH»-4  XX  oo>  ij>^  1- z  OO  CM  44  44  44  a4  a.  44  aor  a 

O               32  32  OO  OO  OO  UJUJ      OO      OOO  33  »i«  *sa.  TlTl  C/1(/1  t/)(/1  l/1t/l  fa  fTM  UIUJ  UIUJ  'iHil  OM  O  UlU  a^a  4 

ff4  0*4  _)_J  J_)  _|_|  77       41-J       444  22  on  OO  77  "^T:  3-1  T53  OO  OC/l  44  44  44  77  7  <3  ^  -I— I  -< 

VM  ►M  44  44  44  UJU.       ^_J       _J_I_J  44  l-l»-l  k-HI-l  44  fflff  ffBT  ffff  MI-1  OrO  OO  O  QT  O  OT  U'O  UI4  O  O"  _l_l  J 

-JO  -JO  OO  OO  OO  -J.J  MM  i-ii-ii-i  _j_j  j_)  _jj  _j_i  cto"  oa  (yo"  ^.j-j  oo  mm  mm  mm  ik  xor  mm  ujuj  w 

M4  M4  MM  MM  i-ii-i  MM  XX  xxx  CO  OO  oo  CO  OO  CO  OO  OO  ao  oa  ao  oa  ft-4  aM  oo  mm  m 

MX  C/II  </>l/l  inV  l/)t/l  (/!(/!       (/l(/5       (/II/11/1  (/)(/!  l/1</)  (/)(/!  C/)(/)  C/1(/1  (/II/l  t/1(/l  (/)</!  t/)4  (/>!/"  OOl/l  C/lt/l  </1Uj  t/14  1/1C/1  tOl/l  </l 

•>»'          ""^  ^  ^                      cm  ir  OOO  .jTo                              p  >;; 

OO                  ^■M  44  UlQr  oo  OrX  44       44       MUJM  OX  3M  30  4M  04  M4  MO  a  _l  */)(/!  UJ3  OU  OO  ZZ  ffff  >-U'  40  4 

ac          -lor  x_j  zo  oi/i  ou'  ai     o  or    i/ii/ii/.  03  xo  i  (/^  w>  </ o  (/>(/i  c/io  i/io  44  ff_i  ci  oa  mm  oc  ax  off  o 

mo          M4  M4  MM  MM  Mh-i  MM    XX    XXX  OO  OO  OO  OO  oc  CO  CO  00  ao  aa  o-o.  o-a  a4  o.m  aa  mm  m 

I/5X  l/lX  </l(/l  l/)(/l  t/ll/1  l/)C/5       (/ll/l       l/)l/l(/l  1/11/1  ir.l/)  l/)l/)  (/-.l/)  (/>l/;  l/lt/l  l/)(/l  l/,(/l  l/)4  (/)</!  t/>t/l  COl/)  </lUJ  (/14  l/X/"  l/'l/l  <" 


N3 
00 


i 


r-H 

f-H 

H-t 

O-H 

-(-« 

-^-1 

-*— 1 

-1-1 

-1-1 

l/)-1 

-1-1 

l/)i/H/l 

TJl/l 

l/ly) 

(/)t/) 

»(/) 

t/)tO 

mo 

mo 

oo 

OO 

I  I 

11 

IX 

II 

II 

j>m 

mm 

-<-<-< 

ii: 

J>G 

-1-1 

r--i 

-i-1 

zz 

TJf- 

-tl 

-n-n 

O  X 

oz 

(D-n 

i>m 

mo 

(-(- 

oo 

<;co 

l/)C/l 

tJ^C 

I/)  to 

toe/) 

09-0 

mm 

no 
r--» 

mo 

-i— * 

r-r 

;do 

-1 1 

<o 

o 

rm 
-1-1 

r-m 

re 
-1-1 

i/)-i 

J>OTJ 
Irtt/IU) 

Bl/1 

IN) 
l/Jl/) 

■0-0 
o 

(-11-1 
u 

CM 
tOl/) 

mo 

mo 

oo 

oo 

I  I 

XI 

II 

II 

IX 

i»m 

mm 

■<-<-< 

II 

J»C 

-1-1 

I--1 

-<H 

■01- 

tjf- 

zx 

(-Z 

m  1 

mm 

r-(- 

i-f- 

■<-< 

xf- 

-1-1 

131 

I>I> 

x:^ 

t-!l-* 

^m 

»» 

-i:t 

-<i 

zz 

r-m 

;o^ 

;^>x) 

j>i> 

i»i» 

oil/) 

t-«m 

;o^) 

x-£x 

O-l 

►HC/) 

■013 

nr- 

oo 

>r-l 

i»f-* 

i/)iy) 

i-ir- 

J.  -t 

2^ 

ooi/) 

i/)..o 

i>j» 

1^ 

i>t> 

»z 

-no 

I>l» 

zi- 

XI 

xm 

xm 

mm 

zr- 

OO 

oo 

"0T3 

•O-D 

zz 

/OO 

oo 

ooo 

U) 

AJO 

|T1J> 

-<-< 

I-H9 

M4]> 

zz 

(/5I» 

TJ-O 

TJ-O 

t^KH 

r-ii-t 

oo 

I>Z 

-<-< 

iD;D;:D 

o 

i»;o 

/D 

l/)C/) 

I/) 

</) 

oo 

►-* 

(/)(/! 

C/)(/) 

oo 

Oi-i 

IZ 

i-it-*t-i 

z 

om 

HH 

t-it-i 

X» 

p-t  >-< 

Mr-* 

B]> 

I>X 

l-lh-l 

ooo 

£» 

i»>-i 

0 

i»j> 

I/)  00 

;^iyi 

^;»3 
■0-0 
cc 

l/)W 

I»l> 

T3-0V 

ooo 

LOOUJ 

0 

:/ltO      tOl/)      t/)l/)      t/)l/)7)t/)      toco      l/)tO      to 


l/)-0 
0& 


oo  no  imoo  ox  i-t- 
oo  r»o  Mfoo  Mm  i>o 
IZ         o 


oto 
m« 


l/)l/)  COtO  tOlrt 

-^-i  -IM  MM 

I»&  MhS  l-HM 

OO  ■O  O  X)  o 

XX  0I»  S>£^ 


to  to  to  I/) 

l/JtO 

to  to 

t/1 

MMMM 

MM 

-^-t 

M 

H-!MMM 

>X> 

mm 

m 

■0  O  OTJ 

OO 

f-r- 

r- 

»»x>i> 

IX 

r-i- 

r- 

-<•< 

i>i> 

0 

<r> 

toy) 

;d:d 

;o 

m 

t-4M 

(-4 

z 

00 

0 

c 

I 


23 

ZI 

mm 

oi 

oz 

om 

0m 

mo 

Ct. 

OO 

«,oo 

to  to 

/0« 

t/>to 

mm 

mo 

f-r- 

TJO 

<o 

r-m 

r-m 

i-c 

00 

00 

0O,C 

00 

00 

OB 

zz 

zo 

oo 

0  z 

0Z 

0Z 

-DZ 

-riX) 

IX 

zz 

OMm 

i-r- 

2Z 

00 

MM 

1/>J^ 

AIXI 

O  M 

MM 

GO 

mo 

<n« 

mm 

mm 

oco 

toto 

cc 

;^);o 

MM 

0m 

*-IH-l 

M  0 

00 

of- 

tor- 

0M 

to  to 

to  to 

MZ^D 

cc 

zz 

MM 

mm 

2.0 

LBOl 

1-  z 

z 

cm 

Mm 

z^o 

MM 

OO 

Z!ZX 

r-(- 

TO 

mm 

t4t0 

0M 

cc 

M   0 

0 

Z.O 

nn 

tom 

MM 

mm 

M(-tM 

00 

cc 

00 

HM 

zz 

to 

M 

mM 

to 

zz 

omr- 

rr- 

MM 

00 

to  to 

MOC 

or- to 
l/)C 

to 

MM 

mm 
oo 
f-(- 

t/)l/l  OB^  l/J-0 

OB        MM  CM  O0 

ZZ  r-o  ot- 

oo  r-M  -gc 

oo  0O  coo 


oo  oo  imoo  oz 

oo  00  Mi-oo  Mm 

(-0  f-o  f-z(-o  f-x 

c^M  MM  r"mcM  Mi-» 

zo  mo  Moza  00 


mm     M0     r"M     asm  om  0Mjom     -10 

MM     0       o;o    mz  /oz  z    mz     0Z 

:CM       0M  ZM  to      0M            0 

GtO      Z0  •-»0  M      Z0 

Z              01-  0(-  M        0f- 

t-*  0H-)  M 


to 


I/) 


to 


t/)to 
■00 
mM 

om 

MZ 
•HM 
l/)M 


MZ 

19 

mz 


zz  n 

mm  0 

i-(-  r- 

toto  M 

00  m 

zz  o 

MM  ^ 

M  Z 


.0  — 

0  O 


ci<n 

I  — 

X)  — 

0  — 

f-o 

mi 

M*^ 

oo 

o« 

0  r-n 

-<;o 

•   0 

•  ;d 

•  0 

OM 

XIO 

m0 

r  0 

00 

• 

0 

0 

;do 

0» 

m-< 

m  to 

(BOB 

z 

-< 

N;^ 

;o;o 

< 

^ 

1-    M 

•    l-« 

I'lZ 

• 

•  Ai 

m 

r-  I 

z 

r-m 

z 

• 

:O0O  -0~  I«"  0M 

-<c^  00  01  •   o 

OM0  f-&  00  M 

asK  i-f-  ;^o  toz 

•   o  •r"*^** 

o  •  • 

to  —  —  I 


!-• 

032 

or- 

to  — 

Zx 

OTOZM 

003 

X)<D 

ti 

01 

m2 

,o« 

Mt/) 

mz 

OM0I 

om 

mO 

0 

ro 

ZM 

m 

•    0 

z)m 

»-ooc 

cz 

Ol- 

M 

mx 

-^^ 

m 

c_» 

^;d 

Mmo;o 

OM 

io 

m 

i-in 

x« 

z 

OM 

•    M 

j)/uua> 

|-x 

0M 

y> 

r-(- 

• 

m 

XtD 

• 

z    z« 

•    • 

;om 

• 

(— 

m 

ZZ 

"X 

•    X 

0 

«* 

X 

•N 

m 

m 

U) 

** 

0 

33 

X 

X 

• 

0 

03 

00 

■^ 

• 

m 

0 

«0 

0 

z 

CD 

z 

• 

■« 

a 

0 

m 

•^        m     to 


M  2 

O  • 


u 

Of 

o 


I  • 

or 

. 

u  o 

o 

CD 

k-X 

III 

•  A' 

en  . 

.y<> 

V 

(U 

r»- 

>  • 

a  • 

H-UJ 

OCD 

»-luX 

V 

a 

tuz 

«! 

•-<3 

KQ. 

>-CI 

►-UJ 

• 

X 

eruj 

ore 

ac 

St- 

Qr>- 

=50'    » 

fr>    • 

•o 

— m    oi    —I    za.    —or    zoui    — >- 


2  J  _l 


•  _J  •  W    •  1/1    •    . 

TO  ►-    •  »-»-  h-lOl/0 

IZ  l-iH.  3>-  «»►-»- 

UJ»-  «►-<  Z3  X«T« 


o?  or 

•  »v     s/  .t/i  .ly 

cru     o  vot  ^CT'  •>' 

oa    tb  (/itu  z  K<x 

V»-<      Z    •  CU  "-i   •  •-Htt 

ora    —J  o_j  Jtt"  «o 


flDUJ 

•OlLl 

T  >-Q' 


Bt  Z  X 

uift'      •  •  Ui  a.' 

VUJ  o  »-  tt  UJ 

•aic  CI 

•  ZUJ  •  *                     ttUj 

(/I    •  Ujy  •    mf  k-    «    .    •  _jy 

lO  UJbJ  ^^*-  ►-(/)►-►-  -JUJ 

»  OrUJ  0»-UJ  3_ll-t-  IlIUj 

—X  —O  IZO  "ZZZ  — O 


X 

a 

3 

Ui 

-1 

w 

V 

«» 

3 

3 

>-l 

I 

tt- 

n 

►^ 

a 

C 

ft 

V 

UJ 

-J 

M 

3 

u 

(J 

u. 

« 

a 

•-< 

o 

¥-* 

U< 

o 

</) 

M 

en 

X 

e 

3 

O' 

-J 

-1 

-1 

UI 

u 

tfl 

l-t 

*-* 

>-< 

ft 

•- 

o 

-i 

UJ 

IH 

UJ 

*-> 

VI 

-1 

^ 

o 

c 

.^ 

3 

« 

^ 

« 

o 

a 

o 

W 

o 

IS 

T 

^ 

V 

l/> 

l-t 

4 

C/) 

H 

z 

<I 

« 

UJ 

-1 

t-d 

o 

3 

«»Z 

4 

r 

or 

o< 

o 

•-* 

o 

rw 

to 

^ 

z 

3UJ 

« 

t-t 

ft  o; 

f 

3 

T 

»-c 

Ui^ 

rui 

<T 
ZH' 


oo 

z 

X 

MUJ 

3 

3 

u. 

_JUJ 

-1 

</) 

>->in 

««/! 

« 

3 

t-UJ 

IZ 

IX 

or 

on     Vi 

Z>-i 

«« 

T 

aui 

0  3 

o 

U  t-iui 

u  o 

-l_l 

^1^ 

UJ>- 

Ul»- 

-1 

a  za 

1-1  UI 

_J-I 

Ol-i 

OUJ 

<J«i 

«/iu 

l-^UII-l 

OQ. 

UjUj 

t-l_l 

02 

C3 

3i-i 

LS  (/>(_•) 

C/1(/) 

ZZ 

li-_l 

k-tt 

t-HJ 

xer 

ZZT 

UJUJ 

!-<« 

or« 

Of  or 

O-i 

o«e 

*~v- 

mi 

UJX 

UJ< 

^«a 

-11  _i 

3 

Ui  M 

or  </^  ox 

3  ZUi  -i3 

a  u-ft  o»- 

t-ior  «>►-  ->« 

ui3  rin  ■n*^ 

«ft  3UJ  tnor 

n'O  oa  X  SI 

o«r  ox  ar 

«_j  or«  oi-i 

s «  a.v>  X  u. 


o 

*-•        or  i-itM 

<-J  4U1  VIOTM 

Ul-1  Ol/I  OUi^ 

►HO  liCl  l-iX_l 

CO  o_i  CUj« 

*^tt  1-40  t»iQr> 

c^o  oi  ci«rj 


>• 

M 

tr« 

tn 

l/< 

I 

K 

1-1  or 

►H 

»-4 

«/> 

u« 

_J 

i/iar 

(/I 

WM 

►14 

«^ 

c 

z< 

z 

arz 

-••-1 

^« 

X 

U.O 

Ui 

U  li' 

«to 

1/1  or 

b  e 

«i2(/; 

<IO 

JT 

^« 

«« 

o>- 

C«/1 

040 

04 

3C- 

UiO 

1-41-1 

^^t/o 

^i 

Zfc-or 

ZO 

Ok- 

oo 

era- 

inc 

oo 

3Zt- 

3t/1 

Oi- 

Ul« 

33 

«tr 

l-H/1 

OOU' 

e«» 

«/!«/> 

«/)» 

CO 

^a 

>U) 

«iro 

40 

»-<          <»           11  o 

^  «J  «<  «l-< 

<1  ZO  ZX      4  ZZ 

«J  4U.4  4401-  4Qr 

4  3  OHO  ot:z4  oo 

oz  •ii/'i-i  i-i»-i40  i-iu 

zi-i  fto-u.  ft'oroz  iyt-< 

30  UI41-I  UU.UJ3  UJ-I 

OZ  raor  wxo'O'  X4 

43  4t/)K  440»-  40 


4  XT  rr  rx 

1-1  33  33  33 

«(/)  Hl-H  lil-l  l-l»-l 

-JZ  ^^  _l_|  _|-l 

_ji-i  c^c^  nc-,  no 

Ul_l  U-U-  UU  U.U. 


XTX 

tOl/l  333 
33  i-i(-l-< 
•-•i-i      -J-l-l 

_i_j     ooo 

_l-l      U-UU. 


TX 
33 


Z-) 

1-1 1-1 

1-11-1 

Hl-I 

oo 

i-tt-ii-i 

HIH 

oo 

(fiy 

o-c 

O'O' 

tt-a- 

Qroro- 

O-O' 

►-0 

*->- 

>-►- 

^t- 

►-►- 

h-fc-»- 

fc-l- 

ro 

fO 

fu 

Oo 

•u 

L- 

UJ 

4 

U' 

4 

ac 

UJUi 

>-it 

Qr4 

a  Or 

4_J 

040 

4_/ 

ac 

t-t- 

(TI 

UJX 

U.4 

-14 

-IX -1 

X4 

(/)0 

oo 

or  or 

aor 

orQC 

aor 

aoor 

aor 

^o 

K^- 

^K 

KK 

KH- 

»-k->- 

•-►- 

XX 

33 

1-11-1  »  iHi 

-J-i  -I.J 

OO  oo 

U.U  U.U. 
1-11-" 


XX  44  4 

33  ZZ  4t-i 

i-ii-i  44  t-ia 

-J-J  tt  tt  ttt  HW  ft"4 

oo  oo  0«1  tOt.^  IV(V  41' 

U.U.  1-ii-t  i-ii-i  t-ii-ti-1  u  Ui  oo 

•-n-"  t-»-  •-►-  ¥-t-^  -l-l  oo. 

oroc  cftf  oror  ororo'  44  44 

►-►-  33  33  333  »>  »i/i 


rjcNi     (s^  fsi 

tr  I  «i  m 

at    om    I—or  i-"C  i-iQr>-  on  uj4 

ao    lu.    oc  01  c<r_i  </ i/i  (/!> 

orot    aa     act  a.a  ororor  44  44 

►»>-    !-►-     33  33  333  >>  ></) 


t-z 

ZU' 

UJ> 


33 
OC 
U.> 

>4 


XX 

44        33 

ZZ     lyor 

UJlu       »-t~  444  44  tt  ^tt  tttt  tt 

(TCt        4  4  .J_J.J  -J_<  J-J  Hl-llH  l-IMl-ll-l  l-l»- 

va    aa  000  co  oc  000  0000  00 

UJUJ      U.UI  >-il-i»-  t-ll-1  Wl-I  l-ll-«»-i  1-1«-<1-11-1  1-1-' 

»»       5>5.  ■»■>■>  »5»  »»  >»»  »>»>  »> 

J  KM 

«  O  3  X  KO  » 

4(^    i-i(/i  oouj  04  cz  xaa  xxao  X4 

_ia     >uj  4XQr  4o  tz>  4</i^  440^  4o 

UJUi       UJU^  t-1l-«H  IHl-l  IHM  1-lhHl—  MI-iHl-l  »-«H 

>>      »>  »>S>  >>  ■>>  »>  »>■>  >> 


N3 
O 


rsjiNI 

X>c 

<< 

<< 

<;< 

•i« 

<« 

t-t*~t 

»I> 

»-4^H 

M»-< 

t— It-* 

1   II   t 

»-iH 

^v) 

(n« 

l>t/) 

•oz 

-nz 

DZ 

■om 

XJT 

O-D 

X}m 

-nj> 

^G 

(-C 

BC 

i>a 

CO 

OT3 

^ 

■0 

^ 

JO 

-o 

iH* 

r-JiNI 

X  X 

«i« 

«>£ 

<<: 

<•« 

<«; 

»-*»-« 

t>J> 

r-*t-4 

nn 

l-lhH 

»-lh-* 

^-4H 

(Txn 

zz 

oo 

oo 

OO 

oajB 

OO 

E>  E> 

-<  ^ 

r-r- 

i-r 

i-r- 

cc 

(-1- 

JO 

XX 

i»i> 

£>  t> 

I>E» 

HJ-O 

C»J> 

ZZ      CC  CC 


I 


u-|< 

x»oo 

T3Z 

^2 

joz 

"om 

oo 

;oin 

-ni> 

/OC 

rc 

B>C= 

j>o 

d> 

t>z 

TIT 

o-< 

n»  H 

;^-i 

CC 

DZ 

/)  /) 

^m 

no 

n-( 

<;-i 

•n-1 

or- 

d> 

T30 

<-tZ 

zx 

XI> 

OI» 

<>i» 

►111 

r-a 

ll-l 

zo 

nt> 

□t- 

<;i- 

enr- 

•n 

om 

oin 

-ni/) 

D 

t)(- 

r-lf- 

f- 

r~ 

^z 

rHZ 

c:c 

j> 

C/)l-1 

Ol-I 

t-H 

o 

i>[/) 

l-t 

U)l/) 

-t 

i>n 

n 

(-H 

/O 

t-t 

t/>l-t 

c 

z 

c; 

(/J 

"H 

X 

i/i 

-£ 

mi-i 
T30 

•^z 

IJ> 
m  I 
■nm 

XI  — 

>DI 

o  — 

■01 

c>-* 

13  — 

Cl  — 

-<^ 

on 

DO 

30 

OCT 

-<i 

»CT 

o-< 

Tio 

CO 

1-:^ 

mo 

rn 

mxi 

CD  a 

mo 

oc 

r-A 

mm 

i>o 

mm 

•  jirf 

-i.n 

r-1.1 

£»• 

^I'l 

--IX 

^Ml 

• 

ifl 

•  f- 

;d 

mz 

mx 

mz 

(O 
CM 


CO 
CM 


S 


H 

u 
aj 

O 
ti. 

H 

= 

H 
c< 
O 

z 


T3  73 
C     C 

s  s 

if    ^ 

,P  .0 


4*     ^ 

«4 


W  ^  -n 
<  Z  1 

.§     ^ 

■5  as  ^ 
u   o 

<*'    &I  ^ 

®  X  i 

.2  w 

"i  z 

'^  < 

a! 


-o 
c 


3 

C 
O 

u 

c 
o 


c 
v 

E 

Ml 
C4 

C 

E   £ 

_  c 


c 
-    o 


u 


u 

<  ^ 


2  g 

3     U 


o 
a. 


x:    c 


.2  3 

«5  IS 

E  ^  J£ 

=3  S  S> 

>  JS  S 

o  y  > 


•-     4*   •£ 
•S    O 


o 

c 

> 
c 


l2 

"o 

c 

<->    o 
S   o 


v  o 

■a  ^ 

^*^  3 

tsc  o 

73  O 

o  o 


c 


o 

x: 

E 


54 

C 

<u 

c 
=   E 

I     = 

V   E 
•o    u 

c«     3 

O 

MS 

C     b< 

o   ® 

■u  ^ 
>    i» 

u     > 
Q     « 


.?s 

It 

3 
W    <?■ 

3    -= 


•T3 

c  c 

VI  C 

i  s 


5 « 

c 


60   _ 


< 


s  ^  «• 

^  -5  j= 


c  := 

O  !« 

6  = 

c4  O 

p  —  s 
s  ««  — 

8  w 

c     - 

u      V3 

W 
I-     <" 

■F,   <« 


o  .5 

<U    73 

s  = 


Q>  (4 

^  V> 

4-1  U 

V 

o  13 

3  ■'S 

.  u 

T,  2 

c  a. 

o  ,2 


c    _ 
o  •= 

Ji  I 


c 
o 

-   tc 

Si  o  .S 

c 


(S 


-=    E   S 

cu  O  (A) 


u    iJ 


s 
«  _   o 


3    0i 

^    -    «l 


^    S  -5   5  O 


W      -4 


.!3     c     c    ^ 
B!      3     u     O     « 

b.    ^  CO  U  -J 


a; 
s 


o  .2 
It  -s 


9  a 

■Si  la 

t  S 

c2 


I 


00 
a 

— <     be 


I 


OJ  — h  ^-^ 

-I  O  <D 

_»  Q^ 

o  5L;:; 

^  -  3 

o  3  > 

--^  ^^ 

"1  i  ~" 

O  o  r-f 

2  2  «> 

5  5  <^ 

3  ^  Q) 

OJ  g  - 


,  ?.  3 


(a 

3' 


o 


?.i^° 


o  o 


en   CO 


Z5     -H 
Q.  O 


V) 


H 

CD 


^.9:3 


o 
3   o 


•  m 

■  n 


<  O 

CD     O 

-Q   2. 

£§ 

3      m 

tn  m 
a3 

a>  -Q 

01  o" 
=♦.< 
O  <B 
3    ."■ 


O 

O 

3 


rt-  n 

3-  O 

fD  O 

CU  -1 

0J_  3 

°  B- 


^.  o 

co_  -h 

^  3 
*"  I 

o  :i. 

CD 

c 

CD 


O  ?"  ^    Jd   o 


3- 
CO 

c 

en 


CD     CD 

r  3 

CD 

D 

o 


_.  <a  rt  <CI 


3 

< 

CO 
CD 


3" 
0) 


O    CU 
3     3 


3;  o 

CD     3 


■> 

CO 


(/>    — 


3     O 


3     -h 
Q.  O 


CD 
Q. 


\J  Vj  •       I      1    ^ 


USDA  FOREST  SERVICE  GENERAL  TECHNICAL  REPORT  PNW-4^7 


Forest  and  Range 
Soils  Research  In 
Oregon  and 
Washington -- 

A  Bibliography  With 
Abstracts  From  1969 
Through  1974 


PACIFIC  NORTHWEST  FOREST  AND  RANGE  EXPERIMENT  STATION 
U.S.  DEPARTMENT  OF  AGRICULTURE  FOREST  SERVICE 

PORTLAND,  OREGON 


ABSTRACT 

An  annotated  bibliography  supplementing 
bibliographies  by  Tarrant  for  1956  through 
1963  and  by  Klock  for  1969  through  1974. 


Keywords:  Soil  management  (forest] 
research. 


USDA  FOREST   SERVICE 
GENERAL  TECHNICAL  REPORT   PNW-47 


FOREST  AND  RANGE  SOILS  RESEARCH 
IN  OREGON  AND  WASHINGTON 

a  bibliography  with  abstracts  from  1969  through  1974 


Compiled  by 

Glen  0.  Klock,    Research  Soil  Scientist 


1976 


PACIFIC     NORTHWEST     FOREST     AND    RANGE 

EXPERIMENT   STATION 
Forest  Service,    U.S.    Depaxtment  of  Agriculture 

Portland,    Oregon 


PREFACE 

This  paper  cites  and  briefly  summarizes  published  forest  and  range  soils 
research  in  Oregon  and  Washington  for  the  years  1969  to  1974.  It  supplements 
USDA  Forest  Service   Research  Papers  PNW-15  and  PNW-90.i/ 


The  significant  growth  of  forest  and  range  soils   research  within  Oregon  and 
Washington   is  quite  evident  in  this  paper.     Research  Paper  PNW-15  listed  139 
publications   from  1914  through   1963,   and  Research  Paper  PNW-90  showed  115  publi- 
cations  for  the  5-year  period  1964-68.     This   report  lists  230  publications  from 
1969  through   1974.     The  increased  interest  in  promoting   forest  and  range  produc- 
tivity by  fertilization  and  other  soil  management  techniques  and  concern  for  our 
forest  environment  appear  to  be  the  major  reasons   for  so  many  soils   research 
publications. 

I  have  attempted  to  briefly  record  major  findings  or  the  theme  of  most 
references.     This   condensed  information   is   intended  only  to  lead  the  reader  to 
the  original    publ i cation. 2/     A  subject  matter  index  is   also  included. 

I   keep  an  active   file  of  Oregon  and  Washington  forest  and  range  soils 
research  publications   and  would  appreciate  being  notified  of  any  omissions. 


—  Robert  F.  Tarrant  (compiler).  Forest  soils  research  in  Oregon  and  Washington.  A 
bibliography  with  abstracts  through  1963.  USDA  Forest  Service  Research  Paper  PNW-15,  29  p., 
1964.   (No  longer  available  from  Pacific  Northwest  Forest  and  Range  Experiment  Station.) 

Glen  0.  Klock  (compiler).  Forest  and  range  soils  research  in  Oregon  and  Washington, 
a  bibliography  with  abstracts  from  1964  through  1968.  USDA  Forest  Service  Research  Paper 
PNW-90,  28  p.,  1969. 

2/ 

—  Publications  listed  herein  are  not  available  from  the  Pacific  Northwest  Forest 

and  Range  Experiment  Station  unless  issued  by  the  Station. 
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In  DDT-treated  forest  floor  columns,  over  30  times  as  much  DDT  was 
recovered  by  leaching  with  water  when  urea  was  added  to  disperse  the  humic 
acids.  With  similar  treatment  and  analysis,  alundum  tension  lysimeters  in 
soil  2  cm  below  the  forest  floor  yielded  no  detectable  levels  of  DDT.  In 
DDT-treated  humic  extracts,  91  percent  of  added  o,p'-DDT  was  recovered  in 
humic  acids  and  9  percent  in  fulvic  acids  plus  water. 

8.  Ballard,  T.  M. ,  and  D.  W.  Cole. 

1974.  Transport  of  nutrients  to  tree  root  systems.  Can.  J.  For.  Res. 
4:563-565. 

Nutrient  transport  through  the  soil  to  roots  by  mass  flow  possibly 
accounts  for  less  than  22,  37,  and  80  percent,  respectively,  of  the  N,  K, 
and  Ca  uptake  by  a  Douglas-fir  stand  growing  on  a  N-deficient  soil. 

9.  Barrett,  J.  W.,  and  C.  T.  Youngberg. 

1970.  Fertilizing  planted  ponderosa  pine  on  pumice  soils.  In  Regeneration 
of  ponderosa  pine,  p.  82-88,  illus.  Oreg.  State  Univ.  Symp.  Proc.  1969. 
Corval lis. 

This  paper  presents  results  of  four  field  experiments  designed  to  test 
the  growth  response  of  planted  ponderosa  pine  to  seven  commercially  available 
fertilizers . 

10.  Bockheim,  J.  G.,  A.  K.  Schlicte,  E.  A.  Crecelius,  and  others. 

1969.  Compositional  variations  of  the  Mazama  ash  as  related  to  variations 
in  the  weathering  environment.  Northwest  Sci .  43:162-173. 

11.  Bockheim,  J.  G.,  and  F.  C.  Ugolini. 

1971.  Effect  of  alpine  and  subalpine  vegetation  on  soil  development, 
Mt.  Baker,  Washington,  in   Abstracts  of  the  44th  annual  meeting. 
Northwest  Scientific  Association,  Moscow,  Idaho,  p.  2. 

Under  conditions  where  parent  material,  time,  topography,  and  climate 
are  relatively  constant,  chemical  weathering  is  more  advanced  in  Podzol 
soils  of  alpine  and  subalpine  tree  clumps  than  in  Alpine  Turf  soils  of 
adjacent  meadows . 

12.  Bollen,  W.  B. 

1971.  Salty  bark  as  a  soil  amendment.  USDA  For.  Serv.  Res.  Pap.  PNW-128, 
16  p.  Pac.  Northwest  For.  and  Range  Exp.  Stn.,  Portland,  Oreg. 

Salt  content  of  Douglas-fir  bark  from  logs  floated  in  seawater  ranged 
from  0.75  to  1.94  percent.  This  salt  was  readily  removed  when  leached  with 
rainfall  or  soaked.  Salty  bark  mulches  and  incorporations  depressed  growth 
of  bean  and  tomato  plants  in  the  greenhouse.  Few  soil  bacteria  were 
affected  by  salt. 

13.  Bollen,  W.  B.,  K.  C.  Lu ,  and  R.  F.  Tarrant. 

1970.  Effect  of  Zectran  on  microbial  activity  in  a  forest  soil.  USDA 
For.  Serv.  Res.  Note  PNW-124,  11  p.  Pac.  Northwest  For.  and  Range 
Exp.  Stn.,  Portland,  Oreg. 

When  Zectran  or  No.  2  fuel  oil  was  applied  to  soil  in  concentrations 
far  greater  than  those  that  could  result  from  current  operational  application 


rates,  neither  material   adversely  affected  soil  microbial  activity.     The 
authors  concluded  from  these  data  that  low-volume  applications  of  Zectran 
as  an  insecticide  for  forest  use  poses  no  hazard  to  soil  microbes. 

14.  Bollen,  W.   B.,  K.  C.   Lu,  J.  M.  Trappe,  and  R.   F.  Tarrant. 

1969.     Influence  of  Sitka  alder  on  soil   formation  and  microbiological 
succession  on  a  landslide  of  alpine  origin  at  Mount  Rainier.     USDA  For. 
Serv.   Res.   Note  PNW-103,  5  p.,  illus.     Pac.  Northwest  For.   and  Range 
Exp.   Stn.,  Portland,  Oreg. 

A  Sitka  alder  seedling,  growing  on  5-year-old  avalanche  debris  below 
Mount  Rainier,  led  to  increased  soil  carbon  and  nitrogen  and  increased 
microbial  populations  over  a  3-year  period. 

15.  Bollen,  W.   B.,  Logan  A.   Norris,  and  Kathleen  L.   Stowers. 

1974.     Effect  of  cacodylic  acid  and  MSMA  on  microbes  in  forest  floor  and 
soil.     Weed  Sci.   22(6) :557-562. 

Concentrations  of  less  than  10  mg/kg  arsenic  in  the  forest  floor  had 
no  pronounced  effect  on  organic  matter  decomposition. 

16.  Bollen,  W.  B.,  and  C.  M.  Tu. 

1971.  Influence  of  endrin  on  soil  microbial  populations  and  their  activity. 
USDA  For.  Serv.  Res.  Pap.  PNW-114,  4  p.  Pac.  Northwest  For.  and  Range 
Exp.  Stn.,  Portland,  Oreg. 

Endrin  applied  to  soil  at  rates  of  more  than  three  times  the  maximum 
that  might  be  expected  from  application  of  endrin-treated  tree  seed  had  no 
appreciable  effect  on  numbers  of  soil  organisms  or  on  ammonifi cation, 
nitrification,  or  sulfur  oxidation.  Decomposition  of  soil  organic  matter 
was  increased  significantly  in  the  presence  of  endrin. 

17.  Bollen,  W.   B.,  and  C.   M.   Tu. 

1972.  Effects  of  an  organotin  on  microbial  activities  in  soil.     Tin  and 
Its  Uses  94:13-15,   illus. 

TBTO  (BIS   (tri-N-butyltin)  oxide)   is  a  water-insoluble  liquid  with  a 
high  affinity  for  cellulose.     Levels  of  TBTO  to  100  p/m  in  soil  had  no 
biologically  significant  impact  on  soil  micro-organisms. 

18.  Bollen,  Walter  B. 

1974.  Soil  microbes.  In   Environmental  effects  of  forest  residues  manage- 
ment in  the  Pacific  Northwest,  a  state-of-knowledge  compendium,  p.  B-1  to 
B-41,  illus.  USDA  For.  Serv.  Gen.  Tech.  Rep.  PNW-24.  Pac.  Northwest  For. 
and  Range  Exp.  Stn.,  Portland,  Oreg. 

Desirable  soil  microbial  activity  can  be  enhanced  when  particle  size  of 
residues  is  reduced,  when  good  contact  is  provided  between  residue  fragments 
and  soil,  and  when  nitrogen  is  added  or  plants  are  established  with  nitrogen- 
fixing  nodules. 

19.  Borchardt,  G.  A.,  and  M.  E.  Harward. 

1971.  Trace  element  correlation  in  volcanic  ash  soils.  Soil  Sci.  Soc. 
Am.  Proc.  35:626-631. 


Instrumental  neutron  activation  analysis  was  used  to  correlate  soils 
developed  on  the  same  volcanic  ash  deposit. 

20.  Borchardt,  G.  A.,  M.  E.  Harward,  and  R.  A.  Schmitt. 

1971.  Correlation  of  volcanic  ash  deposits  by  activation  analysis  of 
glass  separates.  Quat.  Res.  1:247-260. 

21.  Boyer,  Donald  E.,  and  Harold  Legard. 

1973.  Forest  land  fertilization.  32  p.  USDA  For.  Serv.  Pac.  Northwest 
Reg. ,  Portland,  Oreg. 

22.  Brown,  George  W. 

1973.     The  impact  of  timber  harvest  on  soil   and  water  resources.     Oreg. 
State  Univ.    Ext.   Bull.   827.  17  p.     Corvallis. 

23.  Brown,  George  W. ,  Arnold  R.   Gahler,  and  Richard  B.   Marston. 

1973.     Nutrient  losses  after  clear-cut  logging  and  slash  burning   in  the 
Oregon  Coast  Range.     Water  Resour.    Res.   9:1450-1453. 

Three  small   watersheds   in  Oregon's   Coast  Ranges  were  monitored   for 
nutrient  release  2  years   before  and  2  years  after  logging.     No  threat  to 
aquatic  or  terrestrial   productivity  was  observed. 

24.  Brown,   George  W. ,  and  J.  T.    Krygier. 

1971.  Clear-cut  logging  and  sediment  production  in  the  Oregon  Coast  Range. 
Water  Resour.    Res.   7:1189-1198. 

The  impact  of  road  construction,   two  patterns  of  clearcut  logging,  and 
controlled  slash  burning  on   the  suspended  sediment  yield  and  concentration 
is  reported  for  three  small  watersheds   in  the  Oregon  Coast  Ranges. 

25.  Burroughs,   Edward  R. ,  Jr.,   George  R.    Chalfant,  and  Martin  A.   Townsend. 

1973.     Guide   to  reduce  road  failures   in  western  Oregon.      Ill  p.     Bur. 
Land  Manage.,  Oreg.   State  Off.,   Portland,  Oreg. 

A  training  guide  designed  to  provide  an  introduction  to  stable  road 
construction  on   forest  lands  of  western  Oregon. 

26.  Burroughs,   Edward  R. ,  Jr.,  and  H.   A.    Froehlich. 

1972.  Effects  of  forest  fertilization  on  water  quality  in  two  small   Oregon 
watersheds.     U.S.   Bur.    Land  Manage.,  Tech.   Note,  8  p.     Portland,  Oreg. 

27.  Chichester,   F.   W. ,  M.   E.   Harward,   and  C.   T.   Youngberg. 

1970.     pH-dependent  ion  exchange  properties  of  soils  and  clays   from  Mazama 
pumice.     Clays  and  Clay  Miner.    18:81-90. 

28.  Chichester,   F.  W.,   C.   T,   Youngberg,  and  M.   E.   Harward. 

1969.     Clay  mineralogy  of  soils  formed  on  Mazama  pumice.     Soil   Sci.   Soc. 
Am.    Proc.    33:115-120. 

Samples  of  the  <2  micrometers   fraction  in  central   Oregon  had  mineral 
suites   consisting  predominantly  of  X-ray  amorphous  material    in  combination 
with  a  rather  complex  group  of  2:1  phyllosilicates ,  gibbsite,  feldspars,  and 
quartz.     The  factors  primarily  controlling  clay  mineral   genesis  were  hypothe- 
sized to  be  the  vesicular  structure  and  chemical   composition  of  the  pumiceous 
parent  material . 


29.  Cline,  C.  S. 

1973.  Effects  of  forest  fertilization  on  the  Tahuya  River,  Kitsap  Peninsula, 

Washington.  In   Abstracts  of  the  46th  annual  meeting,  Northwest  Scientific 

Association,  Walla  Walla,  Wash.,  p.  8. 

Amounts  of  urea,  ammonia,  nitrate,  and  phosphate  entering  the  river  and 
its  tributaries  before,  during,  and  after  a  forest  fertilization  project  in 
the  Tahuya  River  basin  are  reported. 

30.  Cline,  C.  S.,  and  W.  H.  Rickard. 

1973.  Herbage  yields  in  relation  to  soil  water  and  assimilated  nitrogen. 
J.  Range  Manage.  26:296-298. 

When  herbage  nitrogen  is  in  the  range  of  0.5  to  0.7  percent  at  the  end 
of  the  spring  growing  season,  nitrogen  rather  than  soil  water  appears  to 
limit  herbage  production. 

31.  Cochran,  P.  H. 

1969.  Lodgepole  pine  clearcut  size  affects  minimum  temperatures  near  the 
soil  surface.  USDA  For.  Serv.  Res.  Pap.  PNW-86,  9  p.,  illus.  Pac. 
Northwest  For.  and  Range  Exp.  Stn.,  Portland,  Oreg. 

Narrow  widths  of  cutting  strips  may  be  necessary  in  certain  problem  areas 
in  pumice  soil  region  of  Oregon  to  obtain  natural  regeneration  of  lodgepole 
pine. 

32.  Cochran,  P.  H. 

1969.  Thermal  properties  and  surface  temperatures  of  seedbeds,  a  guide  for 
foresters.  USDA  For.  Serv.,  Pac.  Northwest  For.  and  Range  Exp.  Stn., 
19  p,  illus.  Portland,  Oreg. 

The  important  thermal  properties  of  soil  are  defined  and  discussed 
together  with  other  influences  on  temperature  variation  at  the  surface. 

33.  Cochran,  P.  H. 

1971.  Pumice  particle  bridging  and  nutrient  levels  affect  lodgepole  and 
ponderosa  pine  seedling  development.  USDA  For.  Serv.  Res.  Note  PNW-150, 
10  p.  Pac.  Northwest  For.  and  Range  Exp.  Stn.,  Portland,  Oreg. 

Root  expansion  in  the  CI  horizon  of  the  lapine  soil  is  limited,  apparently, 
because  the  gravel-size  pumice  particles  bridge  together  creating  a  barrier 
to  root  penetration.  The  low  nutrient  content  of  the  CI  horizon  limited  the 
size  of  the  ponderosa  pine  seedlings  but  was  not  the  factor  restricting  depth 
of  root  penetration  for  either  lodgepole  or  ponderosa  pine  seedlings. 

34.  Cochran,  P.  H. 

1972.  Temperature  and  soil  fertility  affect  lodgepole  and  ponderosa  pine 
seedling  growth.  For.  Sci .  18(2) :132-134,  illus. 

Fertilization  increased  growth  of  both  species  under  all  nine  temperature 
regimes.  Lodgepole  was  not  as  sensitive  to  changes  in  night  temperature  as 
was  ponderosa  pine.  The  number  of  daily  degree  hours  required  for  maximum 
growth  changed  with  both  soil  fertility  level  and  night  temperature. 


35.  Cochran,   P.   H. 

1972.  Tolerance  of  lodgepole  and  ponderosa  pine  seeds  and  seedlings  to 
high  water  tables.     Northwest  Sci.   46(4) :322-331,  illus. 

Soil  water  levels  close  to  saturation  favored  germination  of  lodgepole 
over  ponderosa  pine.     When  2-week-old  seedlings  were  subjected  to  several 
different  soil  water  levels,  both  species  survived  and  grew  even  on  saturated 
soils.     Influence  of  high  soil  water  levels  on  survival   and  early  growth  of 
the  two  species  is  probably  not  a  factor  governing   "wet-site"  occupancy  by 
lodgepole  pine  on  mineral  soils. 

36.  Cochran,  P.   H. 

1973.  Natural   regeneration  of  lodgepole  pine  in  south-central  Oregon. 
USDA  For.   Serv.   Res.  Note  PNW-204,  18  p.     Pac.  Northwest  For.  and  Range 
Exp.   Stn.,  Portland,  Oreg. 

Several   events  must  occur  in  sequence  for  establishment  of  natural 
regeneration.     These  events  do  not  always  occur  in  a  reasonable  length  of 
time  after  timber  is  cut.     Leaving  a  light  slash  cover  on  the  soil  surface 
favorably  modifies  the  environment,  but  the  practice  does  not  guarantee 
natural   regeneration. 

37.  Cochran,  P.   H. 

1973.  Response  of  individual   ponderosa  pine  trees  to  fertilization.     USDA 
For.   Serv.    Res.   Note  PNW-206,   15  p.     Pac.   Northwest  For.    and  Range  Exp. 
Stn. ,  Portland,  Oreg. 

Fertilization  of  one-tenth  acre  around  individual   test  trees   in  thinned 
stands  substantially  increased  growth  in  three  of  four  areas  studied.     In  the 
fourth  area,  top  damage  probably  confounded  results. 

38.  Cole,  D.   W.,  S.   P.   Gessel ,  and  W.  J.   B.   Crane. 

1974.  Urea  reactions  and  transformation  following  fertilization  to  a 
forest  soil.     Am.   Soc.   Agron.   Abstr. ,  p.    175. 

The  chemistry  of  the  soil   solution  within  the  top  30  cm  shifted  markedly 
after  urea  was   applied  to  the  surface. 

39.  Cole,   Dale  W. ,  and  Peter  S.   Machno. 

1969.      Factors   affecting  percolation  in  a  forest  soil,     in  Proceedings  of 
symposium  on  water  balance  in  North  America,  Banff,  Alberta,  Canada, 
p.    101-109.     Ser.   No.   7.     Am.   Water  Resour.   Assoc,  Urbana,   111. 

40.  Dahms,  Walter  G. 

1971.     Growth  and  soil  moisture  in  thinned  lodgepole  pine.     USDA  For.   Serv. 
Res.   Pap.   PNW-127,  32  p.,   illus.     Pac.   Northwest  For.   and  Range  Exp.   Stn., 
Portland,  Oreg. 

A  levels-of-growing-stock  study  of  lodgepole  pine  showed  that  individual 
trees  developed  longer  crowns,  grew  more  rapidly,   and  added  more  wood  to 
potentially  merchantable  trees  at  lower  stand  densities,  but  total  wood  pro- 
duction was  less.     Evapotranspiration  drain  on  soil  moisture  was  also  less 
at  the  lower  stand  densities. 


41.  Dahms,  Walter  G. 

1973.     Tree  growth  and  water  use  response  to  thinning  in  a  47-year-old 
lodgepole  pine  stand.     USDA  For.    Serv.   Res.   Note  PNW-194,   14  p.,  illus. 
Pac.   Northwest  For.   and  Range  Exp.  Stn.,  Portland,  Oreg. 

Results   from  a  5-year  level s-of-growing-stock  study  of  lodgepole  pine 
showed  soil  moisture  withdrawal  was  substantially  reduced  at  lower  stand 
densities. 

42.  DeBell,  D.   S.,   and  W.   M.   Fergerson. 

1972.  Soils   information  -  an  indispensable  tool   for  intensive  forest 
management.     Crown  Zellerbach  Res.   Note  No.   1,  6  p.    Camas,  Wash. 

Soils   information  for  planning  and  conducting  forestry  operations  on 
Crown  Zellerbach 's  northwestern  managed  forests   is  reported. 

43.  DeBell ,  Dean  S. 

1973.  Effect  of  application  level  on  gaseous  and  leaching  losses  from 
urea  and  sulfur-coated  urea  fertilizers  applied  to  a  Douglas-fir  soil. 
In   Abstracts  of  the  46th  annual  meeting,  Northwest  Scientific  Associ- 
ation, Walla  Walla,  Wash.,  p.  10. 

Under  laboratory  conditions,  ammonia  volatility  losses  averaged  42 
percent  of  total  N  applied  as  urea,  and  only  4  percent  for  sulfur-coated 
urea.  Leaching  losses  in  the  absence  of  plant  uptake  varied  from  2  to  56 
percent  of  the  N  application,  but  differences  in  total  loss  were  not 
associated  with  treatment. 

44.  DeBell ,  Dean  S. 

1973.  Gaseous  and  leaching  losses  from  urea  applied  to  two  forest  soils 
as  affected  by  temperature  and  rainfall.  Am.  Soc.  Agron.  Abstr. ,  p.  138. 

Gaseous  NH3  losses  up  to  42  percent  were  related  to  soil,  temperature, 
and  timing  and  amount  of  rainfall.  Leaching  losses  up  to  70  percent  of  NO3 
and  NOo  were  related  to  soil  and  increased  with  temperature  and  amount  of 
rainfall . 

45.  Dyrness,  C.  T. 

1969.  Hydrologic  properties  of  soils  on  three  small  watersheds  in  the 
western  Cascades  of  Oregon.  USDA  For.  Serv.  Res.  Note  PNW-Ul,  17  p., 
illus.  Pac.  Northwest  For.  and  Range  Exp.  Stn.,  Portland,  Oreg. 

Soils  on  three  small  experimental  watersheds  were  found  to  permit  rapid 
rates  of  water  movement  as  a  result  of  their  porous  nature.  The  importance 
of  stone  content  as  a  hydrologic  factor  required  some  revision  of  the 
original  soil  classification  scheme  before  water  storage  capacity  relation- 
ships could  be  correctly  assessed. 

46.  Dyrness,  C.  T. 

1970.  Stabilization  of  newly  constructed  road  backslopes  by  mulch  and 
grass-legume  treatments.  USDA  For.  Serv.  Res.  Note  PNW-123,  5  p.  Pac. 
Northwest  For.  and  Range  Exp.  Stn.,  Portland,  Oreg. 

Amounts  of  soil  loss  from  an  unprotected  newly  constructed  backslope 
were  two  to  four  times  greater  than  loss  from  a  comparable  slope  5  years 


after  construction.  Of  six  roadside  treatments  studied,  the  two  showing 
consistently  large  amounts  of  soil  loss  during  the  first  critical  rainy 
period  were  the  ones  without  a  straw  mulch  covering. 

47.  Dyrness,  C.  T. 

1972.  Soil  surface  conditions  following  balloon  logging.  USDA  For.  Serv. 
Res.  Note.  PNW-182,  7  p.,  illus.  Pac.  Northwest  For.  and  Range  Exp. 
Stn. ,  Portland,  Oreg. 

Balloon  logging  caused  substantially  less  soil  disturbance  than  previous 
studies  had  shown  for  tractor,  high-lead,  and  skyline  logging  methods.  Deeply 
disturbed  and  compacted  soil  areas  occupied  4.3  percent  of  the  total  area,  and 
15.8  percent  of  the  area  was  classed  as  slightly  disturbed. 

48.  Dyrness,  C.  T. 

1973.  Early  stages  of  plant  succession  following  logging  and  burning  in 
the  western  Cascades  of  Oregon.     Ecology  54:57-69. 

Differences   in  soil   disturbance  from  logging  and  burning  were  shown  to 
have  a  strong  influence  on  successional   trends. 

49.  Edgren,  James  W. ,  and  William  I.   Stein. 

1974.  Artificial   regeneration.     In  Environmental  effects  of  forest  residues 
management  in  the  Pacific  Northwest,  a  state-of-knowledge  compendium, 

p.  M-1  to  M-32,  illus.  USDA  For.  Serv.  Gen.  Tech.  Rep.  PNW-24.  Pac. 
Northwest  For,  and  Range  Exp.  Stn.,  Portland,  Oreg. 

Effects  of  forest  residues  on  artificial  regeneration  are  discussed. 

50.  Fowler,  W.  B. 

1974.     Microclimate.     In  Environmental  effects  of  forest  residues  management 
in  the  Pacific  Northwest,   a  state-of-knowledge  compendium,  p.   N-1  to  N-18, 
illus.     USDA  For.   Serv.   Gen.   Tech.    Rep.    PNW-24.     Pac.   Northwest  For.   and 
Range  Exp.   Stn.,   Portland,  Oreg. 

Examines  basic  physical    processes  underlying  development  of  local 
microclimates  and  how  they  are  affected  by  residue  generation  and  treatment. 

51.  Fowler,  W.   B.,  and  H.  W.   Berndt. 

1969.     Flourescent  materials  index  soil  movements.     USDA  For.  Serv.   Res. 
Note  PNW-107,  7  p.,   illus.     Pac.   Northwest  For.   and  Range  Exp.   Stn., 
Portland,  Oreg. 

Tracing  movement  and  dispersion  of  soil-size  flourescent  particles   is  a 
promising  method  for  detecting  and  describing  soil   erosion. 

52.  Fowler,  William  B. 

1971.  Measurement  of  seasonal  air  temperatures  near  the  soil  surfaces. 
J.  Range  Manage.  24:158-160,  illus. 

Large  local  differences  appeared  in  the  onset  and  duration  of  temperature 
extremes  as  well  as  absolute  seasonal  maximum.  Plant  cover  and  soil  type  are 
major  elements  accounting  for  this  local  variation. 


53.  Fredriksen,   R.   L. 

1970.  Erosion  and  sedimentation  following  road  construction  and  timber 
harvest  on  unstable  soils   in  three  small  western  Oregon  watersheds. 
USDA  For.   Serv.    Res.    Pap.    PNW-104,   15  p.,   illus.     Pac.   Northwest  For. 
and  Range  Exp.   Stn.,  Portland,  Oreg. 

In  one  steep  headwater  drainage  with  road  construction  and  patch-cut 
logging,  total  stream-carried  sediment  over  a  9-year  period  was  more  than 
100  times  greater  than  that  from  an  undisturbed  watershed.     Ninety-nine 
percent  originated  from  landslides.      In  a  clearcut-logged  watershed  with 
no  roads,  sedimentation  was   three  times   greater  than   that  from  an  undisturbed 
watershed. 

54.  Fredriksen,   R.   L. 

1971.  Comparative  chemical  water  quality--natural   and  disturbed  streams 
following  logging  and  slash  burning.     In  Forest  land  uses   and  stream 
environment  symposium  proceedings,   1970,  p.   125-137,  illus.     Oreg.   State 
Univ. ,  Corvallis . 

Following  timber  harvest  on  a  watershed,  loss  of  nutrients   increased 
1.6  to  3.0  times.     Details   of  chemicals   and  rate  of  loss  are  given. 

55.  Fredriksen,   R.   L. 

1972.  Impact  of  forest  management  on  stream  water  quality  in  western 
Oregon.  In   Pollution  abatement  and  control  in  the  forest  products 
industry,  1971-72,  Proceedings,  26th  annual  meeting,  p.  37-50,  illus. 
For.  Prod.  Res.  Soc. 

Sedimentation  of  streams  in  Douglas-fir  forests  is  often  serious  where 
roads  for  timber  removal  cross  steep  topography.  The  rise  in  nutrient  con- 
centration after  clearcutting  and  burning  and  after  fertilization  declines 
rapidly  as  vegetation  regrows.  Rise  in  stream  temperature  can  be  minimized 
if  shade  for  stream  is  left  after  logging. 

56.  Fredriksen,   R.   L. 

1972.     Nutrient  budget  of  a  Douglas-fir  forest  on  an  experimental  watershed 
in  western  Oregon,     in  Jerry  F.    Franklin  et  al.    (eds.),  Proceedings-- 
Research  on  coniferous   forest  ecosystems--a  symposium,  p.    115-131,   illus. 
Pac.   Northwest  For.   and  Range  Exp.   Stn.,  Portland,  Oreg. 

The  study  involved  nitrogen,  phosphorus,  the  cations,  and  silica  amounts 
added  by  precipitation  and  retained  by  the  forest  as  well  as  hypotheses  about 
processes   regulating   their  loss  from  the  forest. 

57.  Fritschen,  L.   J.,  L.   W.   Gay,   and  H.    R.   Holbo. 

1974.     Estimating  evapotranspiration  from  forests  by  meteorological   and 
lysimetric  methods.     In  R.   H.   Waring  and  R.   L.    Edmonds   (eds.).   Integrated 
research   in  the  Coniferous   Forest  Biome.     Coniferous   For.   Biome  Bull. 
No.   5   (1972):35-40.     Univ.   Wash.,  Seattle. 

58.  Fritschen,   Leo  J. 

1972.     The  lysimeter  installation  on  the  Cedar  River  watershed.     In  Jerry 
F.    Franklin  et  al .    (eds.),  Proceedings--Research  on  coniferous   forest 
ecosystems--a  symposium,  p.   255-260,   illus.     Pac.    Northwest  For.   and 
Range  Exp.   Stn.,  Portland,  Oreg. 


A  lysimeter  container  was  built  around  a  28-m     Douglas-fir  tree  to  pro- 
vide information  on  rates  of  evapotranspiration  and  interception  for  short 
periods. 

59.  Fritschen,   Leo  J.,   Lloyd  Cox,   and  Russel    Kinerson. 

1973.  A  28-meter  Douglas-fir  tree   in  a  weighing   lysimeter.     For.   Sci . 
19:256-261. 

A  3.7-m  diameter  by  1.2-m  deep  soil    container  was  constructed  around 
the  root  ball   of  a  28-m  Douglas-fir  in  a  naturally  regenerated  stand. 

60.  Froehlich,  Henry. 

1974.  Soil  compaction:  Implication  for  young-growth  management.  In   A.  B, 
Berg  (ed.).  Managing  young  forests  in  the  Douglas-fir  region,  p.  49-64. 
Sch.  For.  Symp.,  Oreg.  State  Univ.,  Corvallis. 

Describes  the  importance  of  soil  density  for  growth  of  seedlings  and 
young  stands,  the  impact  of  harvesting  on  soil  density,  and  the  implication 
for  forest  productivity. 

61.  Froehlich,  Henry  A. 

1973.  The  impact  of  even  age  forest  management  on  physical  properties  of 
soils.  In   R.  K.  Hermann  and  D.  P.  Lavender  (eds.).  Even-age  management, 
p.  199-220.  Symp.  Proc,  Oreg.  State  Univ.,  Corvallis. 

62.  Geist,  J.  Michael. 

1973.     Physical   and  chemical   properties  of  volcanic  ash  and  basalt-derived 
forest  soils  of  northeastern  Oregon.     Am.   Soc.   Agron .   Abstr. ,  p.    138-139. 

Ash  materials  at  low  moisture  tension  showed  yields   of  soil   water  which 
was  lost  rapidly  with   increasing  tension.     Basalt  soils  held  less  water  and 
released  it  at  a  slower  rate  with  increasing   tension.      Contrast  between  bulk 
densities,  exchangeable  bases,  organic  matter,  and  available  phosphorus  are 
given. 

63.  Geist,  J.   Michael . 

1973.  Total   soil   nitrogen  analysis   using  micro-Kjeldahl   digestion  and 
portable  distillation  equipment.     USDA  For.   Serv.    Res.   Note  PNW-198, 

8  p.,   illus.     Pac.   Northwest  For.   and  Range  Exp.   Stn.,  Portland,  Oreg. 

Equipment  modifications  and  methodology  alternatives   for  determining 
total   nitrogen   in  soils  with  a  micro-Kjeldahl    digestion  apparatus  were 
investigated.     Results  showed  that  an  air  shield  over  the  flask  bulbs   and  a 
standard  copper  catalyst-salt  mixture  should  give  satisfactory  recovery   in 
routine  analyses  with  a  running  time  and  sample  size  similar  to  those  used 
with  macro-Kjeldahl    racks.     Recovery  of  several   standards  was  high   (96-99 
percent),  but  for  recovery  of  highly  refractory  compounds,  adjustments   in 
methodology  will   be  required. 

64.  Geist,  J.  Michael. 

1974.  Chemical  characteristics  of  some  forest  and  grassland  soils  of 
northeastern  Oregon.  II.  Progress  in  defining  variability  in  Tolo  and 
Klicker  soils.  USDA  For.  Serv.  Res.  Note  PNW-217,  15  p.  Pac.  Northwest 
For.  and  Range  Exp.  Stn.,  Portland,  Oreg. 
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Contrasts  in  general  and  specific  nutrient  statuses,  trends  by  soil 
depth  increment,  and  management  implications  are  discussed.  Data  are  strati- 
fied by  soil  series  and  by  overstory  dominant  vegetation. 

65.  Geist,  J.  Michael,  Paul  J.  Edgerton,  and  Gerald  S.  Strickler. 

1974.   'Yukky  to  yummy '--with  fertilizers.  Rangeman's  J.  1(2):39-41,  illus. 

An  experiment  was  conducted  to  determine  effects  of  fertilizer  on  growth 
and  protein  content  of  timothy  seeded  in  a  clearcut  but,  instead,  the  fertil- 
izer attracted  elk. 

66.  Geist,  Jon  M. 

1971.  Orchardgrass  responses  to  fertilization  of  seven  surface  soils  from 
the  Central  Blue  Mountains  of  Oregon.  USDA  For.  Serv.  Res.  Pap.  PNW-122, 
12  p.,  illus.  Pac.  Northwest  For.  and  Range  Exp.  Stn. ,  Portland,  Oreg. 

"Orchardgrass  responses  to  N,  P,  and  S  applied  singly  and  in  combination 
differed  among  seven  soils  studied.  Dry  matter  production  showed  a  signifi- 
cant interaction  between  N  and  S  treatments  in  all  instances.  Only  two  soils 
showed  a  significant  response  to  phosphorus.  Largest  overall  treatment 
responses  were  noted  on  Klicker  and  volcanic-ash-derived  soils." 

67.  Geist,  Jon  M. ,  and  Gerald  S.  Strickler. 

1970.  Chemical  characteristics  of  some  forest  and  grassland  soils  of 
northeastern  Oregon.  I.  Results  from  reference  profile  sampling  on  the 
Starkey  Experimental  Forest  and  Range.  USDA  For.  Serv.  Res.  Note  PNW-137, 
11  p.  Pac.  Northwest  For.  and  Range  Exp.  Stn.,  Portland,  Oreg. 

Chemical  soil  properties  are  quantified  for  individual  profiles  of  six 
soil  series  on  the  Starkey  Experimental  Forest  and  Range.  Comparisons  are 
made  among  the  study  results  and  with  data  reported  in  the  literature  for 
some  similar  soils.  Major  differences  noted  include  C/N  ratios  and  available 
phosphorus. 

68.  Gessel,  S.  P. 

1969.  Increasing  yield  through  soil  management.  Proc.  ,  60th  West.  For. 
and  Conserv.  Assoc.  Conf . ,  Spokane,  Wash.,  p.  52-55. 

69.  Gessel ,  S.   P. 

1969.  Introduction  for  forest  fertilization  in  North  America.  For.  Ind. , 
August,  p.    1-3. 

70.  Gessel  ,  S.   P. 

1969.  Status  of  forest  fertilization  in  the  Northwest.  In  Proceedings  of 
the  20th  annual  Pacific  Northwest  fertilizer  conference,  Spokane,  Wash., 
p.    19-36. 

71.  Gessel,  S.  P.,  D.  W.   Cole,  and  E.  C.   Steinbrenner. 

1972.  Nitrogen  balances   in   forest  ecosystems  of  the  Pacific  Northwest. 
Soil   Biol,    and  Biochem.   5:19-34. 

72.  Gessel,  S.  P.,  D.   W.   Cole,  and  J.   Turner. 

1973.  Elemental    cycling  and  even-age  forest  management.     In  R.   K.   Hermann 
and  D.   P.   Lavender  (eds.).  Even-age  management,  p.   179-198.     Symp.   Proc, 
Oreg.   State  Univ.,   Corvallis. 
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73.  Gessel,  S.  P.,  W.  Crane,  and  D.  W.  Cole. 

1972.  Environmental  aspects  of  nitrogenous  fertilization  in  forests. 
Aust.  For.  Tree  Nutr.  Conf .  ,  p.  210-219.  Sydney,  Aust. 


74. 


75, 


76. 


77, 


78. 


79. 


80. 


81 


82, 


Gessel,  S.   P.,   and  N.  W.   Foster. 

1972.     The  natural   addition  of  nitrogen,  potassium,   and  calcium  to  a 
Pinus  banksiana  Lamb,   forest  floor.      Can.   J.    For.   Res.    2:448-455. 

Gessel,  S.   P.,  T.   N.   Stoate,  and  J.    K.  Turnbull. 

1969.     The  growth  behavior  of  Douglas-fir  with  nitrogenous  fertilizer  in 
western  Washington.     Inst.    For.   Prod.,  Univ.   Wash.,   Contrib.   7  p.     Seattle. 

Gessel,  S.    P.,   R.   B.   Walker,  T.   N.   Stoate,   and   1.   G.   Morison. 

1972.  Research  on  nitrogen  and  additional   elements   in  the  Douglas-fir  region, 
Aust.   For.  Tree  Nutr.    Conf.,  p.   183-190.     Sydney,  Aust. 

Gilmour,   C.   M.,   C.   T.   Youngberg,  R.   L.   Pratt,  and  S.   M.   Beck. 

1973.  Energy  flow  as   determined  by  rates  of  coniferous   forest  litter 
decomposition.     Am.   Soc.   Agron.   Abstr. ,  p.   91. 

Studies  indicate  that  the  overall   forest  litter  decomposition  process 
could  be  expressed  in  terms  of  first-order-kinetics  and  a  half-life  substrate 
decay  equation. 


Grier,  C.    C. 

1972.     Impact  of  forest  fire 
a  ponderosa  pine  ecosystem. 
Scientific  Association,   p. 


C.  C, 


on  components  of  mineral  cycling  processes  in 

In   Abstracts  of  45th  annual  meeting,  Northwest 
6.  West.  Wash.  State  Coll.,  Bellingham. 


Grier, 

1973.  Organic  matter  and  nitrogen  distribution  in  some  mountain  heath 
communities  of  the  Source  Lake  Basin,  Washington.  Arctic  and  Alpine 
Res.    5,  Part   1:261-267. 

The  soils   and  vegetation  of  subalpine  mountain  heath  communities  on 
colluvial    residual   and  organic  soils   in  the  Source  Lake  Basin  of  the  west- 
central   Cascade  Range,  Washington,  were  described  and  sampled  for  organic 
matter  and  nitrogen  content  in   foliage,  living  stems,  attached  dead  stems, 
roots,   litter,  and  soil. 

Grier,  C.   C. ,  D.   W.  Cole,  C.   T.   Dyrness,  and  R.  L.   Fredriksen. 

1974.  Nutrient  cycling  in  37-  and  450-year-old  Douglas-fir  ecosystems. 
Jn  R.   H.   Waring  and  R.   L.   Edmonds    (eds.).   Integrated  research  in  the 
Coniferous   Forest  Biome.     Coniferous   For.    Biome  Bull.   No.   5   (1972) :21-34. 
Univ.   Wash. ,  Seattle. 

Grier,   C.    C. ,   and  J.   G.   McColl . 

1971.     Forest  floor  characteristics  within  a  small   plot  in  Douglas-fir  in 
western  Washington.     Soil    Sci.   Soc.   Am.   Proc.   35:988-991. 

Selected  chemical   and  physical   properties   and  their  variabilities  within 
a  0.04-ha  plot  were  determined. 

Grier,  Charles  C,  and  Dale  W.  Cole. 

1971.      Influence  of  slash  burning  on  ion  transport  in  a  forest  soil. 
Northwest  Sci.   45:100-106. 
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Slash  burning  was  shown  to  substantially  increase  the  concentration  of 
ions  entering  the  soil. 

83.  Grier,   Charles  C. ,  and  Dale  W.    Cole. 

1972.      Elemental   transport  changes  occurring  during  development  of  a 
second-growth  Douglas-fir  ecosystem.     In  Jerry  F.    Franklin  et  al .    (eds.), 
Proceedings--Research  on  coniferous   forest  ecosystems— a  symposium, 
p.    103-114,  illus.      Pac.   Northwest  For.   and  Range  Exp.   Stn. ,  Portland, 
Oreg. 

Six  years  of  intensive  monitoring  on  the  H.  H.  Thompson  Research  Center 
provides  information  on  the  transfer  rates  of  elements  between  components  of 
of  a  second-growth  Douglas-fir  ecosystem. 

84.  Harr,   R.    D. 

'1973.     Field  transport  of  the  neutron  soil-moisture  meter  in  steep  terrain. 
J.   Soil   and  Water  Conserv.    28:181-182. 

85.  Harwood,  M.    E.,   and  C.   T.   Youngberg. 

1969.     Soils  from  Mazama  ash   in  Oregon:      Identification,  distribution,   and 
properties.     In  Proceedings,   Pedology  and  quaternary  research.  Symposium, 
May  13-14,   1969,  p.   163-178.     Univ.   Alberta,   Edmonton. 

86.  Hatheway,  W.   H.,   P.   Machno,   and  E.    Hamerly. 

1972.  Modeling  water  movement  within  the  upper  rooting  zone  of  a  Cedar 
River  soil.     In  Jerry  F.    Franklin  et  al .    (eds.),   Proceedings--Research 

on  coniferous   forest  ecosystems--a  symposium,  p.   95-101.     USDA  For.   Serv. 
Pac.    Northwest  For.   and  Range  Exp.   Stn.,   Portland,  Oreg. 

Observations  on  the  advance  of  wetting  fronts   have  been  obtained  by 
lysimeter  techniques  and  have  been  analyzed  with  moisture  flow  equations  for 
a  porous  soil . 

87.  Hawk,   G.   M.  ,  and  D.    B.   Zobel . 

1974.      Forest  successions   on  alluvial    landforms  of  the  McKenzie  River 
Valley,  Oregon.     Northwest  Sci .   48:245-265. 

A  major  factor  leading   to  vegetation  succession  differences  appears  to 
be  soil   moisture  availability  in  late  summer. 

88.  Heilman,   P. 

1974.  Effect  of  urea  fertilization  on  nitrification  in  forest  soils  of 
the  Pacific  Northwest.  Soil  Sci.  Soc.  Am.  Proc.  38:664-667. 

Levels  of  nitrate  in  samples  of  untreated,  incubated  soils  from  Douglas- 
fir  {Pseudotsuga  menziesii)    and  western  hemlock  {isuga  heterophylla)   stands 
varied  from  0  to  45  p/m  nitrate  N.  Treatment  with  urea  increased  nitrate  N 
in  incubated  samples  an  average  of  70  p/m,  but  the  increase  varied  widely 
among  soils.  Earlier  N  fertilization  increased  nitrification  of  urea. 
Nitrification  was  restricted  at  temperatures  below  5°  C. 

89.  Heilman,  P.,  and  G.  Ekuan, 

1973.  Response  of  Douglas-fir  and  western  hemlock  seedlings  to  lime. 
For.  Sci.  19:220-224. 
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High  rates  of  lime  produced  a  significant  reduction  in  western  hemlock 
{Tsuga  heterophyZla  (Raf.)   Sarg. )   growth  on  low-base  forest  soils  used  in 
pot  experiments.     Application  of  P  alone,  or  in  combination  with  lime,  had 
no  significant  effect  on  the  growth  of  seedlings.     The  N,   Ca,   and  Mg  contents 
of  Douglas-fir  leaves  were  increased  by  lime,   but  those  of  Mn  and  Al   were 
decreased.     In  western  hemlock  the  effects  were  similar,  except  that  K  and 
Mg  were  reduced.     Lime  increased  soil   pH,  exchangeable  Ca  content,  and  base 
saturation  of  the  soil.     Extractable  K,  Mg ,  and  P  were  slightly  decreased 
in  soil   treated  with  high  rates  of  lime. 

90.  Helvey,  J.   D. 

1974.  Soil  moisture  depletion  and  growth  rates  after  thinning  ponderosa 
pine.  In   Abstracts  of  47th  annual  meeting.  Northwest  Scientific  Associ- 
ation, Vancouver,  B.C.,  p.  15. 

Depletion  from  heavily  thinned  plots  near  Baker,  Oregon,  averaged  8.6  cm 
less  than  from  control  plots  the  first  three  summers  after  treatment.  Increases 
in  growth  rate  during  the  first  5  years  after  thinning  were  largest  in  stands 
thinned  to  4.6-m  spacing. 

91.  Herman,  R.  K. ,  and  R.  G.  Petersen. 

1969.  Root  development  and  height  increment  of  ponderosa  pine  in  pumice 
soils  of  central  Oregon.  For.  Sci .  15:226-237. 

Trees  were  excavated  from  three  different  pumice  soils  in  central  Oregon 
and  inspected  for  root  growth  characteristics. 

92.  Herring,  H.   G. 

1970.  Soil  moisture  trends   under  three  different  cover  conditions.     USDA 
For.   Serv.    Res.   Note  PNW-114,  8  p.,   illus.     Pac.   Northwest  For.   and 
Range  Exp.   Stn.,  Portland,  Oreg. 

A  study  of  soil  moisture  trends   under  a  grassy  opening,   a  second-growth 
ponderosa  pine  stand,  and  a  clearcut  plot  indicates   that  if  a  pine  stand 
were  converted  to  grass   as   a  water-saving  scheme,   the  ultimate  benefits  might 
be  only  20  percent  as  great  as   the   initial   savings   after  clearcutting. 

93.  Hu,   L.,  C.   T.   Youngberg,  and  C.   M.   Gilmour. 

1972.     Readily  oxidizable  carbon:     An   index  of  decomposition  and  humifi- 
cation  of  forest  litter.     Soil   Sci.   Soc.   Am.   Proc.    36:959-961. 

Carbon  dioxide  evolution  rates   are  higher  from  organic  horizons   under- 
going active  decomposition   (F-layers)   than   from  well-decomposed  and  humified 
horizons    (H-layers)   and  are  relatively  good  indexes  of  decomposition  and 
humifi cation.     Water-soluble  carbon  contents  correlate  well  with  CO2  evolution 
values.     The  more  rapid  soluble  carbon  analysis  makes   this   the  preferred 
method  for  determining  stage  of  decomposition  and  humifi cation. 

94.  Johnson,  D.   W.,  M.   J.   Singer,  and  R.   Minden. 

1974.     Nutrient  cycling   in  a  subalpine  Abies  forest.     II.     Processes  of 
mineral   transfer.     In  Abstracts   of  47th  annual  meeting.  Northwest 
Scientific  Association,  Vancouver,  B.C.,  p.   36. 

The  carbonic  acid  mechanism  was  found  to  play  a  major  role  in  cation 
leaching   in  lower  elevation  Pseudotsuga  menziesii  stands,  but  it  plays   a 
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much  smaller  role  in  high  elevation  Abies  amdbilis  stands  because  of  the 
greater  acidity  of  soil   solutions. 

95.  Klock,   G.   0. 

1969.     Some  autecological   characteristics  of  elk  sedge.     USDA  For.   Serv. 
Res.   Note  PNW-106,   5  p.,  illus.     Pac.   Northwest  For.   and  Range  Exp.   Stn., 
Portland,  Oreg. 

"Cores"  of  elk  sedge  were  successfully  transplanted  to  the  laboratory 
to  investigate  this  method  of  reproduction  and  to  provide  material    for  tests 
of  this  plant's   response  to   fertilization.     Elk  sedge  showed  positive  response 
to  nitrogen  and  potassium  fertilization. 

96.  Klock,   G.  0. 

1969.     Use  of  a  starter  fertilizer  for  vegetation  establishment.     (Abstr.) 
Northwest  Sci .   43:38. 

Use  of  a  nitrogen-sulfur  fertilizer  at  planting   time  appeared  imperative 
for  satisfactory  establishment  of  vegetation  on  disturbed  forest  soils  of 
low  fertility  in  north-central   Washington. 

97.  Klock,   G.  0. 

1971.  Forest  erosion  control  fertilization  and  streamflow  nitrogen  loss. 
West.  Soc .  Soil  Sci.  Abstr.,  p.  12. 

98.  Klock,  G.   0. 

1971.  Streamflow  nitrogen  loss   following   forest  erosion  control   fertilization, 
USDA  For.   Serv.    Res.   Note  PNW-169,  9  p.,   illus.     Pac.   Northwest  For.   and 
Range  Exp.   Stn.,   Portland,   Oreg. 

Reports  estimated  quantities  of  urea-N,   nitrate-N,   and  ammonia-N  loss 
through  streamflow  for  60  days   following   fertilization  of  watersheds  on  the 
Entiat  Experimental   Forest  severely  affected  by  wildfire. 

99.  Klock,  G.   0. 

1972.  Soil   moisture  trends   on  mountain  watersheds  following  forest  fire. 
In  Abstracts   of  45th   annual   meeting,   Northwest  Scientific  Association, 
Bellingham,  Wash.  ,  p.   7. 

Compares   soil  moisture  before  and  after  wildfire  on  the  Entiat  Experi- 
mental  Forest  in  north-central   Washington. 

100.  Klock,   G.   0. 

1973.  Helicopter  logging  reduces  soil   surface  disturbance.     Jh  Abstracts 
of  the  46th  annual   meeting,  Northwest  Scientific  Association,  Walla 
Walla,  Wash.,  p.   20. 

Helicopter  fire  salvage  logging  was  shown   to  cause  strikingly  less  severe 
surface  soil   disturbance  than  high   lead-jammer  cable  skidding  or  tractor 
logging  methods. 

101.  Klock,  G.  0. 

1973.  Selection  of  timber  harvesting  method  may  be  based  on  soil  erosion 
potential.  Am.  Soc.  Agron.  Abstr.,  p.  140. 
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Models   from  this  study  demonstrate  that  an  opportunity  exists  on  western 
timberlands   for  use  of  soil   erosion  potential   as   an  important  parameter  in 
selecting  the  most  appropriate  harvesting  technique. 

102.  Klock,  G.   0.,   and  L.   L.   Boersma. 

1971.     Hard  to  drain  soil   responds   to  plastic  tubing.     Crops  and  Soils 
(January) ,  p.   23-24. 

Perforated  plastic  arainage  pipes  offer  promise  of  reducing  the  cost 
per  foot  of  drain. 

103.  Klock,  G.   0.,  and  J.   M.   Geist. 
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Hard  fescue  survival  rates  were  followed  for  6  years  on  four  different 
pine  needle  treatment  plots.  Needle  litter  had  a  significant  effect  on 
initial  survival  of  fescue  seedlings,  but  subsequent  losses  undoubtedly 
resulted  from  interaction  of  many  factors. 
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Monterey  pine  seedlings  were  grown  for  6  months   in  the  greenhouse  on 
four  soils   from  western  hemlock  sites   to  test  response  to  fertilizer. 

128.  Miller,  R.   E.,   and  L.   V.    Pienaar. 
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Population  levels   ^i  Adelges  oooleyi    (Gillette)  were  estimated  on  7-year- 
old  Douglas-fir  trees   after  fertilization  with  three  forms  of  nitrogen-- 
ammonium  nitrate  and  urea  solutions   and  urea  prill.     In  the  first  year,  egg 
production  on  trees   individually  treated  with  equivalents  of  50  and  200  lb 
N/acre  was   11-42  percent  higher  than  on  untreated  trees.     Winter     survival 
of  the  aphid  was   also  higher  than  normal   on   fertilized  trees.     However, 
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low  rates  of  establishment  on  fertilized  trees  negated  these  increases.  Two 
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new  twig  growth,  soil  moisture,  rate  and  methods  of  application,  total 
seasonal  twig  growth,  and  subsequent  drought  conditions. 
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Aerial  fertilization  of  a  68.39-ha  forested  watershed  with  urea  at 
224  kg  N/ha  resulted  in  a  streamflow  loss  of  0.38  kg  N/ha  during  the  first 
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Five  fungi  isolated  from  soil  by  the  dilution  plate  technique,  about 
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Stratigraphy,  mineralogy,  and  particle-size  data  are  given  for  a  volcanic 
ash  deposit  found  in  forest  soils  along  a  transect  between  Mount  St.  Helens 
and  Wallowa  County,  Oregon. 
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Amitrole,  picloram,  2,4-D,  and  2,4,5-T  are  degraded  in  forest  litter 
but  at  markedly  different  rates.  Constituents  of  formulation  may  retard 
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the  degradation  rate  of  2,4-D.  When  2,4-D  and  DDT  are  applied  together,  the 
degradation  rate  of  2,4-D  is  briefly  stimulated.  Other  interactions  studied 
were  not  significant. 

149.  Norris,  Logan  A.,  and  W.  B.  Bollen. 

1971.  Behavior  of  cacodylic  acid  and  MSMA  in  forest  floor  material  and 
soil.  (Abstr.)  In   Precommercial  thinning  of  coastal  and  intermountain 
forests  in  the  Pacific  Northwest,  Feb.  3  and  4,  1971.  Proc. ,  Short 
Course.,  Wash.  State  Univ.,  Pullman. 

150.  Okazaki ,  Rose,  Henry  W.  Smith,  Raymond  A.  Gilkeson,  and  Jerry  Franklin. 

1972.  Correlation  of  west  blacktail  ash  with  pyroclastic  layer  T  from 
the  1800  A.D.  eruption  of  Mount  St.  Helens.  Northwest  Sci .  46(2):77-89. 

151.  Owston,  Peyton  W. 

1971.      Containerized  Douglas-fir  grows  well   in  peat  moss-vermiculite 
mixtures.     In  Abstracts  of  the  44th  annual  meeting.  Northwest  Scientific 
Association,  Moscow,   Idaho,   p.    10. 

Douglas-fir  grew  better  in  peat  moss-vermiculite  mixtures   than   in  sandy 
loam,  peat  moss,   or  combinations   of  Douglas-fir  bark  and  vermiculite. 

152.  Paeth,   R.   C,  M.   E.   Harward,   E.   G.   Knox,   and  C.   T.  Dyrness. 

1971.     Factors  affecting  mass  movement  of  four  soils   in  the  western  Cascades 
of  Oregon.     Soil   Sci.   Soc.   Am.   Proc.   35:943-947. 

Soils   derived  from  greenish  tuff  were   less  stable  than  soils  from  reddish 
and  yellowish  tuff  and  had  high  amounts  of  smectite,  no  kaolin,  and  moderate 
amounts  of  free  iron  oxide.     The  more  stable  soils  contained  kaolin,  more 
chlorite  and  chloritic  intergrades,  more  free  iron  oxide,  and  less  smectite. 
Clay  in  pseudomorphs   in   the  silt  and  sand  fractions  was  not  active  mechanically 
but  did  contribute  to  cation  exchange  and  moisture  retention.     Color  was 
correlated  to  clay  mineralogy  and  slope  stability. 

153.  Phillip,  M.   J.,  S.   M.   Beck,  C.   T.   Youngberg,   and  C.   M.   Gilmour. 

1974.     Measurement  of  CO2  evolution  from  the  forest  floor  with  an  electro- 
lytic respirometer.     Am.   Soc.   Agron.   Abstr.,  p.    177. 

A  battery-operated  electrolytic  respirometer  was  developed  making   it 
possible  to  measure  CO2  evolution  from  the  forest  floor  in  situ   independent 
of  root  respiration. 

154.  Pumphrey,   F.    V. 

1971.     Grass  species   growth  on  a  volcanic  ash-derived  soil    cleared  of 
forest.     J.    Range  Manage.   24:200-203. 

Grasses   producing  high  forage  yields   in  a  20-   to  28-inch  precipitation 
zone  of  northeastern  Oregon  on  volcanic  ash  soil    (Tolo  silt  loam)   cleared 
of  a  stagnant  forest  were  Greenar  intermediate  wheatgrass,  Sherman  big 
bluegrass,   and  Regar  bromegrass.     Tall   oatgrass,  meadow  foxtail,   and  creeping 
meadow  foxtail  were  high  yielding  when  fertilized. 

155.  Radwan,  M.   A.,  G.    L.  Crouch,   and  H.   S.   Ward. 

1971.     Nursery  fertilization  of  Douglas-fir  seedlings  with  different  forms 
of  nitrogen.     USDA  For.   Serv.    Res.   Pap.   PNW-113,  8  p.,  illus.     Pac. 
Northwest  For.   and  Range  Exp.   Stn.,   Portland,   Oreg. 
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Ammonium  sulfate,   calcium  nitrate,  and  urea  fertilizers  were  tested  in 
the  nursery  to  determine  the  relative  values  of  anmonium,  nitrate,  and  urea 
as  nitrogen  sources  for  Douglas-fir.     Seedling  growth  in  the  nursery  and 
outpl anting  performance  of  the  fertilized  trees  were  essentially  the  same 
with  the  nitrate  and  urea,  and  both  fertilizers  were  superior  to  ammonium. 

156.  Rice,  R.   M. ,  J.   S.   Rothacher,   and  W.    F.   Megahan. 

1972.  Erosional   consequences  of  timber  harvesting--an  appraisal.     In 
Watersheds   in  transition,   p.   321-329.     Proc. ,  Am.  Water  Resour.   Assoc, 
and  Colo.   State  Univ.,   Fort  Collins. 

Summarizes  an  understanding  of  the  effects  of  timber  harvesting  on 
erosion. 

157.  Rickard,  W.   H.,  J.   F.   Cline,   and  R.   0.   Gilbert. 

1973.  Soil  beneath  shrub  halophytes  and  its  influence  upon  the  growth  of 
cheatgrass.     Northwest  Sci .   47:213-217. 

Shrubs  appear  to  provide  a  soil  media  richer  in  mineral   nutrition  than 
adjacent  grass-dominated  areas. 

158.  Riekerk,  H. 

1971.     The  mobility  of  phosphorus,  potassium,  and  calcium  in  a  forest  soil. 
Soil   Sci.   Soc.   Am.   Proc.   35:350-356. 

Radiotracers  were  sprayed  on  Douglas-fir  forest  soil   simulating  rainwash 
inputs.     Fractions  of  radiotracers  amounted  to  10  percent  of  total   phosphorus, 
27  percent  of  total   potassium,   and  5  percent  of  total   calcium  leaching  from 
the  forest  floor  annually. 

159.  Riekerk,  H. 

1971.     Movement  of  labeled  nutrient  elements   in  a  forest  soil-tree  system. 
In  L.   R.   Donaldson  et  al .    (eds.),  The  Fern  Lake  studies,  p.   49-53. 
Univ.   Wash.,  Coll.    Fish.,   Contrib.   No.   352. 

160.  Rothacher,  Jack. 

1973.  Does  harvest  in  west  slope  Douglas-fir  increase  peak  flow  in  small 
forest  streams?  USDA  For.  Serv.  Res.  Pap.  PNW-163,  13  p.,  illus.  Pac. 
Northwest  For.   and  Range  Exp.   Stn.  ,   Portland,  Oreg. 

Logging   in  Douglas-fir  forests  with  deep  porous  soils  has  only  minor 
effects  on  major  peak  streamflows  which  occur  after  soils  have  been  thoroughly 
wet  by  fall    rainstorms. 

161.  Rothacher,  Jack,  and  William  Lopushinsky. 

1974.  Soil   stability  and  water  yield  and  quality.     In  Environmental 
effects  of  forest  residues  management  in  the  Pacific  Northwest,  a  state- 
of-knowledge  compendium,  p.  D-1   to  D-23,   illus.     USDA  For.   Serv.   Gen. 
Tech.   Rep.    PNW-24.     Pac.   Northwest  For.   and  Range  Exp.   Stn.,  Portland, 
Oreg. 

162.  Ruth,   Robert  H. 

1974.     Regeneration  and  growth  of  west-side  mixed  conifers.     In  Environ- 
mental  effects  of  forest  residues  management  in  the  Pacific  Northwest, 
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a  state-of-knowledge  compendium,  p.  K-1  to  K-21.  USDA  For.  Serv.  Gen. 
Tech.  Rep.  PNW-24.  Pac.  Northwest  For.  and  Range  Exp.  Stn.,  Portland, 
Oreg. 

Environmental    requirements   for  regenerating  west-side  mixed  conifers 
are  described. 

163.  Schlichte,  A.    K. ,   and  F.   C.   Ugolini. 

1972.  Morphology  and  genesis  of  adjacent  prairie  and  forest  soils  of  the 
Puget  Sound  lowland.     In  Abstracts  of  the  45th  annual  meeting.  Northwest 
Scientific  Association,   Bellingham,  Wash.,  p.    12. 

Soils  formed  beneath  prairie  and  forest  vegetation  on  gravelly  glacial 
outwash  deposits   in  the  southern  Puget  Sound  lowlands  have  dramatically 
different  morphological    features;  however,   their  mineralization  and  chemical 
characteristics   are  similar. 

164.  Seidel,   K.   W. 

1974.     Natural    regeneration  of  east-side  conifer  forests.     In  Environ- 
mental   effects  of  forest  residues  management  in  the  Pacific  Northwest, 
a  state-of-knowledge  compendium,  p.   L-1  to  L-25,   illus.     USDA  For.   Serv. 
Gen.  Tech.   Rep.   PNW-24.     Pac.   Northwest  For.   and  Range  Exp.   Stn., 
Portland,  Oreg. 

Favorable  and  unfavorable  effects  of  forest  residues   and  their  treatment 
on  natural   regeneration  of  the  coniferous   forests  of  eastern  Oregon  and 
Washington  are  discussed. 

165.  Singer,  M.   J.,  and  F.   C.   Ugolini. 

1973.  Chemical   and  mineralogical   properties  of  two  well   drained  subalpine 
soils.     In  Abstracts  of  the  46th  annual  meeting,  Northwest  Scientific 
Association,  Walla  Walla,  Wash.,  p.   33. 

Two  soils   from  the   International   Biological    Program  intensive  research 
site  at  Findley  Lake  are  compared  and  contrasted. 

166.  Sommer,  Hermann  C. 

1973.  Managing  steep  land  for  timber  production  in  the  Pacific  Northwest. 
J.  For.  71:270-273. 

167.  Steinbrenner,   E.   C. 

1971.     Logging  systems:     Soil    considerations   influencing  management 
policies.     In  Western  reforestation,  p.   21-23.     West.    For.   and  Conserv. 
Assoc.   Proc,   1971. 

168.  Steinbrenner,   E.   C,  and  D.    K.   Lewis. 

1973.     Response  of  ponderosa  pine  to  fertilizer  applications.     Am.   Soc. 
Agron.   Abstr. ,   p.    142. 

A  complete   (NPKS)   treatment  showed  the  greatest  response  on  experimental 
plots  near  Klamath  Falls,  although  there  was  significant  response  to  all 
nitrogen  treatments. 

169.  Strand,  Robert  F. ,   and  C.   C.   Grier. 

1973.     Seasonal  model   of  litter  decomposition  in  coniferous   forests,     in 
Abstracts   of  the  46th  annual   meeting.   Northwest  Scientific  Association, 
Walla  Walla,  Wash.,  p.   35. 
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Describes  a  litter  decomposition  model   developed  for  use  in  watershed 
model ing. 

170.  Strand,  Robert  F.,  and  Richard  E.  Miller. 

1969.     Douglas-fir  growth  can  be  increased  report  from  Pacific  Northwest 
shows.     For.    Ind.    96(11)  :29-31. 

171.  Swanston,  D.  N. 

1971.  Principal  mass  movement  processes  influenced  by  logging,  road 
building,  and  fire.  In   Forest  land  uses  and  stream  environment, 
symposium  proceedings,  Oct.  19-21,  1970,  p.  29-40,  illus.  Oreg. 
State  Univ.,  Corvallis. 

Dominant  classes  of  soil  mass  movement  active  on  watershed  slopes  in 
the  Western  United  States  are  identified,  and  a  simple  movement  mechanism 
described.  The  effects  of  logging,  roadbuilding,  and  fire  on  mass  movement 
occurrence  are  also  identified  and  their  importance  as  an  erosion-accelerating 
agent  evaluated. 

172.  Swanston,  D.  N. 

1974.  Slope  stability  problems  associated  with  timber  harvesting  in 
mountainous  regions  of  the  Western  United  States.  USDA  For.  Serv.  Gen. 
Tech.  Rep.  PNW-21,  14  p.,  illus.  Pac.  Northwest  For.  and  Range  Exp. 
Stn.,  Portland,  Oreg. 

Natural  soil-mass  movements  on  forested  slopes  in  the  Western  United 
States  include,  in  order  of  decreasing  importance  and  regional  frequency 
of  occurrence:  (1)  debris  slides,  debris  avalanches,  debris  torrents;  and 
(2)  creep,  slumps,  and  earth  flows.  They  result  largely  from  slope  loading 
(from  road  fill  and  sidecasting) ,  overs teepened  bank  cuts,  and  inadequate 
provision  for  slope  and  road  drainage. 

173.  Swanston,  D.  N.,  and  C.  T.  Dyrness. 

1973.  Stability  of  steep  land.  J.  For.  71(5) :264-269,  illus. 

Factors  controlling  and  contributing  to  surface  erosion  and  mass  soil 
movement  on  steep  forested  slopes  are  identified  and  described.  Land 
management  impacts  and  means  of  minimizing  damage  are  discussed. 

174.  Swanston,  Douglas  N. 

1971.  Judging  impact  and  damage  of  timber  harvesting  to  forest  soil  in 
mountainous  regions  of  western  North  America.  In   Western  reforestation, 
p.  14-19,  illus.  West.  Refor.  Coord.  Comm.  Proc,  Nov.  30,  1971. 

West.  For.  and  Conserv.  Assoc,  Portland,  Oreg. 

Slope  disturbance  produced  by  forest  operations  on  mountainous  terrain 
has  been  identified  as  a  major  contributor  to  initiation  and  acceleration  of 
erosion  by  soil  mass  movement  processes.  Roadbuilding  is  the  most  damaging 
operation,  but  timber  cutting  and  slash  burning  are  effective  initiators  in 
local  areas.  Factors  controlling  slope  stability  and  current  techniques 
for  identification  and  control  are  discussed. 

175.  Tarrant,  R.  F. ,  D.  G.  Moore,  W.  B.  Bollen,  and  B.  R.  Loper. 

1972.  DDT  residues  in  forest  floor  and  soil  after  aerial  spraying, 
Oregon— 1965-68.  Pestic.  Monit.  J.  6:65-72. 
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Of  the  12  oz  of  DDT  applied  per  acre  on  an  eastern  Oregon  forest,  about 
26  percent  reached  the  ground  surface  initially;  over  36  months,  about  6 
percent  more  was  brought  to  the  ground  in  litter  fall.  No  effect  of  DDT 
was  noted  on  soil  microbial  populations,  nitrification  rate,  or  amount  of 
nitrate  nitrogen  in  the  soil. 

176.  Tarrant,  Robert  F, 

1970.  Environmental  consequences  of  using  fertilizer  and  other  chemicals 
in  forest  management.  West.  For.  Pest  Comm.  Annu.  Meet.  Proc. ,  p.  13-14. 

The  environmental  impact  of  forest  fertilization  is  not  well  defined, 
although  knowledge  indicates  the  effect  should  not  be  great.  Forest  resource 
managers,  forest  research  administrators,  and  critics  of  the  use  of  chemical 
tools  used  in  forest  management  all  share  an  obligation  to  improve  their 
approach  to  matters  affecting  the  environment. 

177.  Tarrant,  Robert  F. 

1970.  Man-caused  fluctuations  in  quality  of  water  from  forested  watersheds. 
In  Proceedings  of  the  Joint  FAO-U.S.S.R.    International   Symposium  on 
Forest  Influences  and  Watershed  Management,  Moscow,  U.S. S.R. ,  August  1970, 
p.   209-218. 

Changes  in  energy  patterns,  chemical  or  physical   constitution,  or 
abundance  of  organisms  in  forest  waters  that  do  constitute  pollution  most 
often  result  from  man's  activity. 

178.  Tarrant,  Robert  F. 

1971.  Nutrient  release  in  streamflow  from  forest  watersheds  in  relation 
to  management  practice.  (Abstr.)  Soc.  Am.  For.  Annu.  Meet.,  p.  4. 

179.  Tarrant,  Robert  F.,  K.  C.  Lu,  W.  B.  Bollen,  and  J.  F.  Franklin. 

1969.  Nitrogen  enrichment  of  two  forest  ecosystems  by  red  alder.  USDA 
For.  Serv.  Res.  Pap.  PNW-76,  8  p.  Pac.  Northwest  For.  and  Range  Exp. 
Stn.,  Portland,  Oreg. 

In  a  coastal  Oregon  area,  where  soil  nitrogen  is  perhaps  near  the 
maximum  attainable  in  a  forest  environment,  presence  of  red  alder  led  to 
a  threefold  increase  in  the  amount  of  nitrogen  circulating  in  litter  fall. 

180.  Tarrant,  Robert  F.,  and  James  M.  Trappe. 

1971.  The  role  of  Alnus   in  improving  the  forest  environment.  Plant  and 
Soil,  Spec.  Vol. ,  p.  335-348. 

Worldwide  experience  indicates  that  alder  contributes  significantly  to 
the  supply  of  nitrogen  in  the  ecosystem.  This  contribution  markedly  benefits 
soil  fertility.  A  definite  potential  exists  for  using  alder  in  forest 
management  in  much  the  same  way  as  legumes  are  used  in  agriculture.  Research 
indicates  also  that  Alnus  rubra  may  play  a  significant  role  in  controlling 
Poria  weiriij   a  virulent  root  pathogen  which  causes  extensive  losses  of 
commercial  timber  tree  species  in  western  North  America  and  Japan. 

181.  Thomas,  B.  R. ,  G.  H.  Simonson,  and  L.  Boersma. 

1973.  Evaluation  of  criteria  for  separating  soils  with  xeric  and  udic 
moisture  regimes.  Soil  Sci .  Soc.  Am.  Proc.  38:738-741. 
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Soil   and  plant-water  suctions  were  monitored  in  western  Oregon  under 
young  conifers.     Willamette  Valley  foothills  had  xeric  soil-water  regimes, 
and  Coast  Range  mountain  sites  were  udic.     Xeric  soils  showed  greater 
depletion  of  available  water  than  udic  soils   at  comparable  stages  of  plant 
growth. 

182.  Tiedemann,  A.    R. 

1972.     Stream  chemistry  following  the  Safety  Harbor  forest  fire  and  erosion 
control   fertilization  in  north  central  Washington.     In  Abstracts  of  the 
45th  annual  meeting.  Northwest  Scientific  Association,  Bellingham,  Wash., 
p.    13. 

The  effect  of  fire  and  urea  fertilization  on  stream  chemistry  was  evalu- 
ated from  measurements   of  nitrogenous   constituents,  chemical   properties,  and 
four  cations   for  1  year  in  streamflow  from  a  burned  watershed,   a  burned 
watershed  fertilized  with  78  kg/ha  urea,   and  an  unburned,   unfertilized 
adjacent  watershed. 

183.  Tiedemann,  A.    R.,   and  H.  W.   Berndt. 

1972.  Vegetation  and  soils  of  a  30-year  deer  and  elk  exclosure  in  central 
Washington.     Northwest  Sci.   46:59-66,   illus. 

Vegetation  and  soils  of  a  deer  and  elk  exclosure  maintained  since   1939 
were  compared  with  an  adjacent  area  of  continuous  game  use  in   1970.     Despite 
the  similarity  of  soil    characteristics   between  the  exclosure  and  outside, 
snowbrush  ceanothus   appears  to  have  had  an  ameliorating  effect  on  the 
exclosure  because  of  the  greater  biomass   and  litter. 

184.  Tiedemann,  A.    R.,  and  J.   D.   Helvey. 

1973.  Nutrient  ion   losses   in  streamflow  after  fire  and  fertilization   in 
eastern  Washington.      (Abstr.)     Bull.    Ecol .   Soc.   Am.   54:20. 

185.  Tiedemann,  A.   R.,  and  G.    0.    Klock. 

1973.     Meeks  Table  Research  Natural   Area  -  a  reference  for  management 
decisions   in  Douglas-fir-pinegrass  habitats.     In  Abstracts   of  the  46th 
annual   meeting.  Northwest  Scientific  Association,  Walla  Walla,  Wash., 
p.   35. 

186.  Tiedemann,  Arthur  R. 

1972.  Soil  properties  and  nutrient  availability  in  tarweed  communities 
of  central  Washington.  J.  Range  Manage.  25:438-443,  illus. 

Comparison  of  soil  nutrient  levels  and  certain  soil  physical  properties 
between  tarweed  communities  and  adjacent  stable,  productive  needlegrass 
communities  indicated  a  lower  nutrient  capital  of  N,  S,  and  exchangeable 
Mn  and  poorer  physical  condition  in  the  tarweed  communities.  Pot  studies 
with  mountain  brome  and  orchard  grass  revealed  low  availability  of  N,  S,  and 
P  in  soils  from  tarweed  communities  and  suggest  a  need  to  amend  native  soil 
nutrients  with  these  elements. 

187.  Tiedemann,  Arthur  R.,  and  Tom  D.  Anderson. 

1971.  Rapid  analysis  of  total  sulphur  in  soils  and  plant  material.  Plant 
and  Soil  35:197-200. 
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The  Leco  high  frequency  induction  furnace  technique  was  adapted  for 
rapid  titrimetric  analysis  of  total   S  in  soils  and  plant  material.     Accuracy 
and  precision  were  tested. 

188.  Tiedemann,  Arthur  R.,  G.   0.    Klock,  H.   W.   Berndt,   and  F.  C.   Hall. 

1972.  Meeks  Table  Research  Natural   Area.  In  Jerry  F.    Franklin  et  al . , 
Federal    Research  Natural   Areas  in  Oregon  and  Washington--a  guidebook 
for  scientists   and  educators,   p.  ME-1  to  ME-7,  illus.     USDA  For.   Serv. 
Pac.   Northwest  For.   and  Range  Exp.   Stn.,  Portland,  Oreg. 

Soils  and  vegetation  of  the  Meeks  Table  Natural   Area  in  Yakima  County, 
Washington,   are  described. 

189.  Tiedemann,  Arthur  R. ,   and  Glen  0.    Klock. 

1973.  First-year  vegetation  after  fire,  reseeding,  and  fertilization  on 
the  Entiat  Experimental    Forest.     USDA  For.   Serv.   Res.   Note  PNW-195, 

23  p.,   illus.     Pac.   Northwest  For.   and  Range  Exp.   Stn.,   Portland,  Oreg. 

Results   indicate  that  seeding  improved  vegetative  cover  by  up  to  one- 
third,  but  fertil izer  was  of  questionable  benefit.     However,  preliminary 
observations   the  second  year  indicate  that  both  cover  and  vigor  of  vegetation 
were   improved  by  fertilization   treatments. 

190.  Trappe,  James  M. 

1972.     Regulation  of  soil   organisms  by  red  alder--a  potential   biological 
system  for  control   of  Poria  weivii.     In  Alan  B.   Berg   (ed.).  Managing 
young  forests  in  the  Douglas-fir  region.     Sch.   For.,  Oreg.   State  Univ. 
3:35-51,  illus.     Corvallis. 

A  long-lasting  change  of  soil   properties   to  disfavor  root-rotting  fungi 
such  as  Povia  weirii  would  provide  an  ideal   control   system.     Red  alder  in 
pure  or  mixed  stands  appears   to  do  this  directly,  by  adding  Poj^a-inhi biting 
compounds  to  the  soil,  and  indirectly,  by  increasing  populations  of  soil 
micro-organisms   that  compete  with,  inhibit,  or  parasitize  Poria  itself. 

191.  Turner,  J.,   and  M.   J.   Singer. 

1974.  Nutrient  cycling  in  a  subalpine  Abies  forest.      I.     Nutrient  pools 
and  transfers,     in  Abstracts  of  47th  annual  meeting.  Northwest  Scientific 
Association,   Vancouver,  B.C.,   p.   36. 

192.  Walkotten,  William  J. 

1972.  A  recording  soil  moisture  tensiometer.  USDA  For.  Serv.  Res.  Note 
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ABSTRACT 

This  study  notes  the  increasing  concern  over  logging  residue 
in  forest  land  management  and  describes  the  various  administra- 
tive and  technological  means  for  accomplishing  reductions  of  log- 
ging  residue. 

Alternative  sales  arrangements  can  include  such  things  as 
reduction  of  stumpage  charges  for  low  quality  logs  or  required 
yarding  of  unutilized  material  to  the  landing  or  to  some  stockpiling 
or  disposal  point. 

i 
Improvements    in   materials    handling    can  include  use  of  log-  j 

ging    systems    that    create  less     breakage    or   that   can  handle  small  | 

pieces  more  efficiently. 

<i 

Specialized  chip  mills  and  increased  chip  markets,    including  * 

chip     exports,     can    give    added    incentive    for    removal    of   formerly 

unutilized    material.      Other  potentials  for  utilization  are  also  indi-  ' 

cated.  ' 

Keywords:     Logging  economics,    clearing  operations   (post-logging), 

forest  residues.  , 
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INTRODUCTION 

Forest  managers  see  a  growing  desire 
on  the  part  of  top  levels  of  management, 
environmental  agencies,    and  the  general 
public  to  reduce  the  amount  of  logging 
residues.      These  residues  are  created  in 
Logging,    and  it  is  only  natural  to  expect  the 
logging  process  itself  to  pay  for   them  or  to 
carry  out  measures  to  reduce  them.     Thus, 
the  sales  arrangements  contained  in  any 
timber  sale  contract  are  a  critical  element 
in  how  much  of  the  total  wood  material  is 
removed  and  paid  for,    and  in  how  any  re- 
maining residues  are  to  be  treated. 

Most  logging  residues  in  the  Pacific 
fTorthwest  were  formerly  burned.      Now, 
lowever,    public  awareness  of  air  pollution 
las  focused  attention  on  the  unfavorable 
results  of  burning  of  logging  slash- -the 
:ops,    limbs,    defective  pieces,    and  broken 
chunks  left  after  harvest.     The  smoke  is 
iplainly  visible,    and  its    source  is  obvious. 
5ince  timber  cutting  began,    untreated 
logging  residue  from  old-growth  forests 
lias  been  a  fire  threat  and  an  obstruction 
;:o  resource  management.     Many  public 
l/iewers  are  now  sensitive  to  the  visual 
Impact  of  smoke  from  slash  burning, 
sspecially  on  otherwise  clear  days,    and 
critical  of  the  disorderly  appearance  of 
Logging  slash. 

As  part  of  the  growing  concern  for  the 
snvironment  everywhere,    a  general  attitude 
Is  emerging  that  environmental  objectives 
nust  be  given  greater  weight  in  all  aspects 
of  forest  land  management.     These  objec- 
bives  include  maintaining  clean  air,    an 
incluttered  landscape,    and  a  prompt  return 
Df  harvested  areas  to  a  productive  forest 
condition. 

Greater  utilization  is  an  obvious  solu- 
;ion  to  the  problem  of  reducing  the  amount 
3f  logging  residue  on  harvest   areas;  and 
greater  utilization  can  come  from  stronger 
incentives  in  the  timber  selling  process, 
more  efficient  materials  handling  and 


development,     and    new    products    or 
processes  that  utilize  low-quality  wood. 

Another  motive  for   reducing  logging 
residue  comes  from  the  land  manager 
himself.      This  is  to  clean  up  the  land  and 
make  it  more  accessible  for  men  and 
equipment  for  more  intensive  management 
of  the  next  crop,    a  task  becoming  more 
real  and  more  urgent  as  the  general  threat 
of  natural  resource  shortages   receives 
attention. 

Our  purpose  in  this   report  is  to  review 
potential  for  and  problems  of  reducing 
logging  residue,    through  improvements  in 
timber  selling  procedures,    materials 
handling,    and  product  utilization.     We  will 
also  examine  the  economic  framework  of 
residue  reduction,    current  practices  in 
residue  management,    recent  studies  and 
developments,    and  suggest  possible 
improvements,    primarily  in  sales 
arrangements. 

Although  this  report  focuses  on 
reduction  of  logging  residue,    we  recognize 
that  on  delicate  or  unfertile  soils  some 
of  the  smaller  residue  should  be  left  as 
protective  cover,    for  soil  building,    and 
for  nutrient  recycling  (Cramer  1974). 


QUANTITIES  OF  LOGGING  RESIDUE 

Howard  (1973)  estimated  that  on 
clearcut  areas  in  1969  in  western  Wash- 
ington and  western  Oregon  the  average 
net  volume  of  chippable   residue   ranged 
from    1,328    cubic    feet   per    acre 
(93.  0  m^/ha)   on  private  lands  to    3,  127 
cubic  feet  per  acre  (218.  9  m^/ha)  on 
National  Forest  lands   (fig.    1).      On  the 
east  side  of  Washington  and  Oregon,   the 
averages  were    352  cubic  feet  per  acre 
(24.  6  m^/ha)  for  private  lands  and  291 
cubic  feet  per  acre  (20.4  m^/ha)  for  the 
National  Forests.      For  both  States,    the 
total  net  residue  generated  during  1969 
was   547  million  cubic  feet  (1  5.  5  million  m^), 
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Figure  1. — Accumulation  of  debris  can  be  large  after  stands  of  old-growth  Douglas-fir 
are  clearcut ,    Willamette  National    Forest. 


These  amounts  of  logging  residue  do 
not  include  limbwood  or  so-called  fine 
residue- -pieces  less  than  4  inches 
(10.  2  cm)  in  diameter  outside  bark  and 
4  feet  (1.  2  m)  in  length.     Although  they 
may  be  a  physical  barrier  to  reforestation 
and  represent  a  short-term  fire  hazard, 
they  are  excluded  from  discussion  in  the 
remainder  of  this  report,    primarily  be- 
cause of  their  low  potential  value  for 
products. 


LOGGING  RESIDUE  AND  THE  DEMANE 
FOR  WOOD 

The  overall  demand  for  wood  produ 
in  the  United  States  has  increased  65  pe 
cent  in  the  last  three  decades,  and  a  co 
tinuing  increase  is  expected.  With  only 
modest  increases  in  available  timber 
harvests,  the  result  will  be  a  continuing 
pressure  to'ward  increasing  prices  of 
timber  and  timber  products  (USDA  For^ 
Service  1  973). 


Part  of  the  projected  growth  in  demand 
Dr  wood  could  be  met,    and  price  pressures 
ased,    by  increased  utilization  of  both  mill 
nd  logging  residue,    use  of  trees  presently 
lassed  as  culls,    and  increased  efficiency 
1  construction  and  manufacturing.     Greater 
fficiency  in  the  utilization  of  residues 
ould  also  contribute  to  wood  needs,    and 
Tiprove  public  acceptance  of  timber  har- 
esting. 

By  way  of  perspective,    coarse  wood 
esidues  from  manufacturing  have  been 
icreasingly  utilized  over  the  past  two 
ecades.      The  estimated  volume  of  chips 
eceived  at  pulpmills,    mostly  produced 
rom  slabs,    edgings,    veneer  cores,    and 
ther  similar  coarse  material,    has  grown 
|:om  0.  1   billion  cubic  feet  (2.  8  million  m-') 
solid-wood  basis)  in  1950  to  2.  1   billion 
abic  feet  (59.4  m.illion  m^)  in  1973 
ieveloped  from  Phelps  and  Hair  1974). 
ome  of  this  mill  residue,    of  course, 
omes  from  increased  utilization  of  logging 
esidue,    or  of  what  would  otherwise  be 
sft  as  logging  residue. 

In  Washington  and  Oregon,    consumption 
jr  pulp  and  board  mills  increased  strongly 
i)r  both  utility  grade  logs  and  chips  from 
oundwood  chipping  mills  (Bergvall  and 
edney  1970,    Bergvall  and  Ormrod  1974, 
[anock  et  al.    1970,    Schuldt  and  Howard 
i974): 

Consumption  of              Consumption  of 
Utility  grade          chips  from  roundwood 
logs chipping  mills 


(Million  board  feet 
Scribner  scale) 


968  177.8 

972  481.4 


(Thousand  tons, 
dry  weight) 

75.  6 
2,041.4 


Chip  exports  from  the  two  States, 
from  both  roundwood  and  mill  residue, 
increased  threefold  between  1968  and  1974 
(Ruderman  1  97  5): 

Chip  exports 

(Million  short  tons, 
dry  weight) 


1968 

1.  2 

1972 

2.  2 

1974 

3.6 

I 


THE  ECONOMIC  FRAMEWORK  OF 
RESIDUE  REDUCTION 

Practical-minded  men  familiar  with 
logging  operations  are  often  quick  to 
point  out  that  logging  residues  are  left 
because  they  have  no  value,    or  even  a 
negative  value.     They  point  to  the  gradual 
improvement  in  logging  utilization  over 
the  years  in  response  to  higher  prices 
and  claim  that  it  is  useless  to  try  to  force 
more  complete  utilization  of  logging 
residue  because  this  might  only  displace 
some  other  more  suitable  raw  material. 

This   reasoning  is  partially  valid,    but 
it  does  not  lead  to  a  fully  satisfactory 
conclusion.      For  one  thing,    it  reflects 
only  a  short-term  viewpoint  and  does  not 
recognize  that  in  the  long  run  the  total 
size  of  the  market  can  be  increased  so 
that  residue  can  be  utilized  without 
displacing  other  raw  material.      Moreover, 
innovative  processes,    products,    and  equip- 
ment can  make  efficient  utilization  possible. 
In  this  sense,    channeling  residues  into 
more  integrated  manufacturing  complexes 
will  probably  lead  to  expansion  of  the 
total  market. 

Also,    this  view  does  not  recognize 
that  socially  desirable  ends  are  not  always 
achieved  by  market  forces.      Under  favor- 
able conditions,    market  forces  can  be 
changed  by  (1)  shifting  from  average 


cost  pricing  of  timber  stumpage  to  some 
form  of  dual  pricing  where  low  value  mate- 
rial goes  at  a  cheaper  rate,    (2)   reallocating 
fixed  logging  and  manufacturing  charges, 
and  (3)   channeling  residues  into  more 
integrated  manufacturing  complexes  where 
they  can  be  put  to  a  wider  variety  of  uses. 

In  a  sense,    residue  reduction  is 
largely  a  physical  accomplishment  objec- 
tive.    It  provides  a  symbolic  demonstration 
of  good  land  stewardship,    professional 
management,    and  avoidance  of  physical 
waste.     Advocates  of  cleaner  logging  assert 
that  residue  reduction  should  not  have  to 
yield  a  dollar  return;  it  is  regarded  more 
as  just  another  part  of  the  harvest  job, 
required  by  a  commitment  to  quality  land 
management. 

Such  reasoning  may  be  used  to  justify 
more  residue  reduction  in  the  form  of 
disposal,    but  most  people  prefer  greater 
utilization  to  a  disposal  treatment.     Here, 
however,    utilization  at  a  cost  greater  than 
the  value  of  the  product  would  generally 
be  considered  a  misallocation  of  resources. 
Clearly,    the  challenge  is  to  develop  new 
sales  arrangements,    materials  handling, 
and  utilization  processes  that  lower  costs 
or  increase  the  demand  for  and  value  of 
potential  products. 

Management  of  logging  residue  is 
becoming  a  vital  part  of  the  forester's 
job.     This  involves  chiefly  a  reduction  of 
total  amounts  of  residue  where  that 
residue  is  excessive.     It  also  involves  a 
planned  effort  to  recognize  the  benefits 
of  leaving  some  residue  on  the  ground  for 
soil  building,    soil  stabilization,    and 
nutrient  recycling. 

CURRENT  PRACTICES  IN  RESIDUE 
MANAGEMENT 

A  variety  of  logging  practices  con- 
cerning utilization  are  in  effect  on  lands 


of  different  ownership  classes.     These 
illustrate  both  the  variety  of  conditions 
and  the  trial-and-error  nature  of  efforts 
by  different  agencies  and  owners  toward 
making  residue  reduction  a  part  of  the 
forest  and  land  management  job. 


FOREST  SERVICE 

Management  of  the  National  Forests 
has  always  had  implicit  goals  of  protect] 
and  stewardship  of  the  environment,  but 
in  practice  these  have  not  always  been 
easy  to  achieve. 

Normally,  timber  sales  are  made  oi 
a  competitive  bid  basis,  after  appraisal,) 
with  either  (1)  a  bid  price  per  thousand 
board  feet  for  each  species,  with  quantH 
based  on  scale  recovery  of  the  logs  as 
they  are  removed,  or  (2)  on  a  tree  mea- 
surement basis,  where  bidding  is  on  the 
basis  of  a  total  dollar  amount  for  the  sal 
as  a  whole.  These  two  methods  are 
called  the  scale  recovery  method  and  th( 
lump-sum  method. 


Scale  Recovery  Method 

In  the  scale  recovery  method,  the 
bid  price  for  each  species  or  class  of 
material  applies  uniformly  to  all  the 
volume  of  each  removed.  This  means 
that  some  logs  are  lower  in  value  and 
some  are  higher.  However,  logs  lower 
in  value  than  the  bid  price  may  cost  the 
purchaser  more  than  they  are  worth,  an 
he  may  be  tempted  to  fell  and  buck  the 
timber  so  as  to  produce  a  minimum  of 
such  logs.  In  addition,  he  might  have 
little  interest  in  removing  marginally 
unsound  logs,  permitted  without  charge, 
because  of  the  danger  that,  in  scaling, 
these  might  be  judged  sufficiently  sound 
(usually  one-third  or  more)  to  require 
payment  at  the  full  bid  price  the  same  as 
the  higher  quality  logs. 


Historically,    nearly  all  Forest  Service 
imber  sales  in  Region  6,    the  Pacific  North- 
vest  Region  (Washington  and  Oregon),   have 
)een  by  the  scale  recovery  method,    rather 
han  the  lump-sum  method.     This  is  due 
:hiefly  to  the  purchaser's  risk  that  any 
»iven  sale  ■will  produce  less  than  its  esti- 
nated  volume,    and  to  the  desire  of  both 
leller  and  purchaser  for  scaling  records 
or  inventory  control  and  for  other  purposes 

I         In  the  last  few  years  most  Forest 
Jervice  sales  on  the  west  side  of  the 
"ascade  Range  have  had  mixed  pricing, 
/ith  logs  of  80  board  feet  and  larger  net 
;cale  subject  to  pricing  on  a  scale  recov- 
ery basis,    and  smaller  logs  or  logs  less 
ihan  one-third  sound  priced  at  a  low  fixed 
iollar  amount  per  acre. 

I 

'         Although  opportunities  are  limited, 

.  purchaser  could  alter  his  bucking 

;iractices  so  as  to  throw  some  of  the 

tandard  scale- recovery  material  into 

he  substandard  per-acre  material  and 

I  scape  payment  for  it,    even  though  he 

emoves  it.     As  far  as  can  be  determined, 

iiis  has  not  occurred  to  any  great  extent. 

Tree  Measurement  or 
Lump-sum  Sales 

In  the  tree  measurement  or  lump-sum 
lethod,    the  total  price  is  fixed,    and  there 
s  no  charge  for  additional  material  taken 
ut,    large  or  small,    cull  or  sound.     In 
iieory  this   should  encourage  greater 
tilization  because  the  extra  stumpage 
■ost  for  any  extra  piece  is  zero.     An 
dvantage  of  this  method  over  the  combined 
cale  recovery  and  per-acre  pricing 
rrangement  is  that  in  the  complete  tree 
leasurement  sale  there  would  be  no 
iicentive  to  alter  the  bucking  practice  to 
ivert  more  logs  into  the  cull  or  per-acre 
ricing  category.     A  disadvantage  is  the 
lore  intensive  cruising  required  for 
cceptable  accuracy  in  measurement  of 
mber  volume. 


Up  to  now,    Region  6  of  the  Forest 
Service  has  made   relatively  few  tree 
measurement  sales. 


Yarding  of  Unutilized  Material 

Required  yarding  of  unutilized  mate- 
rial,   called  "YUM  yarding,"  has  been  used 
since  1969  on  portions  of  designated  Forest 
Service  timber  sales.     Most  sales  using 
this  arrangement  specify  that  all  sub- 
standard logs  of  a  given  diameter  or 
larger  (usually  8-  or  12-inches  (20.3-  or 
30.  5-cm)  diameter  inside  bark  at  the 
large  end)  and  10  feet  (3.  0  m)  or  more 
in  length  must  be  yarded  to  landings  or 
to  specified  locations  on  the  sale  area 
(fig.    2). 

From  the  standpoint  of  the  land 
manager,    there  are  four  major  purposes 
for  YUM  yarding.      First,    the  smoke 
from  broadcast  slash  burning  can  be  re- 
duced or  eliminated,    particularly  in  the 
smoke  sensitive  period  of  early  fall.     The 
YUM  piles  will  burn  hotter  and  can  there- 
fore be  burned  later  in  the  season,    on 
overcast  days  \vhen  not  visually  objection- 
able,   and  on  days  when  air  movement 
is  away  from  population  centers.     Piles 
burn  with  less   smoke  than  a  broadcast 
ground  fire,    and  the  higher  temperatures 
from  combustion  will  carry  the  smoke 
to  higher  atmospheric  levels  for  dispersion. 

Second,    this  serves  the  land  manager's 
objective  for  greater  utilization  because 
the  cost  of  YUM  yarding  enters  the  apprais- 
al as  a  fixed  cost  and  the  operator's  only 
extra  costs  are  those  of  loading  and  haul- 
ing.     Third,    YUM  yarding  makes  the  area 
more  accessible  to  men  and  machines  for 
reforestation,    thinning,    and  other  manage- 
ment activities.      Finally,    the  cleaner, 
well-groomed  look  is  more  esthetically 
acceptable  to  the  public  (fig.    3).     Other 
purposes  have  been  discussed  by  Combs 
(1975). 


Figure  2. — Unmerchantable  material    yarded   to  landing,    Willamette  National    Forest. 


Potential  advantages  of  YUM  yarding 
to  the  purchaser  are  that  it  provides  more 
total  work  and  appraisal  cost  allowance  for 
his  men  and  equipment,    and  potentially 
provides  more   raw  material  for  industry. 
An  additional  advantage  of  YUM  yarding 
would  accrue  if  an  efficient  operator 
should  find  he  can  do  the  extra  yarding 
work  for  less  than  estimated  in  the 
appraisal.      Finally,    a  strategic  advantage 
can  be  recognized  where  the  purchaser, 
after  developing  a  chip  mill  or  a  special- 
ized small  log  sawmill  able  to  utilize  this 
extra  material,    could  have  an  edge  over 


competitors    not   having  such  an  integrated 
outlet. 

The  purposes  of  YUM  yarding  are 
understood  by  timber  purchasers  and 
operators,    but  these  persons  often  dislike 
doing  the  job,    especially  ■when  other  more 
productive  logging  jobs  are  available. 
Some  suggest  that  YUM  yarding  might  be 
better  handled  by  the  Forest  Service  or 
as  an  entirely  separate  contract.     Others 
contend  that  actual  costs  have  sometimes 
exceeded  estimated  costs. 


Figure   3. — Clearcut  area  after  unutilized  material   has  been   yarded,    Willamette 
National   Forest. 


I  Other  criticisms  of  YUM  yarding  are 

that  (1)  it  does  not  really  eliminate  the 
need  for  broadcast  burning  of  fine  material 
and  competing  low  vegetation  which  are 
deterrents  to  reforestation,    (2)  the  remains 
of  burned  YUM  piles  are  unsightly  and 
these  often  burn  so  hot  that  soil  damage 
may  occur,    and  (3)  costs  of  up  to  $500 
per  acre  are  questioned  as  being  greater 
than  benefits  (Dowdle  1973). 


YUM  yarding  is  probably  not  a  univer- 
sal land  management  prescription,    but  it 
has  been  at  least  partially  successful  in 
achieving  its  objectives.     Although  the 
cost  appears  high  compared  with  other 
treatments,    it  is  justified  by  land  manage- 
ment benefits  and  by  the  incentive  it  gives 
for  additional  utilization  of  the  resource. 


BUREAU  OF  LAND  MANAGEMENT 

Timber  onBLM,    U.S.    Department  of 
the  Interior,    lands  is  nearly  always  sold 
on  a  lump-sum  basis.     No  standards  for 
cutting  and  removal  of  pieces  to  a  stated 
minimum  size  need  be  included  in  the  sale 
co,ntract.     After    he    has    paid  for  the  entire 
timber  volume,    the  purchaser  has  an 
incentive  to  remove  all  material  whose 
revenue  exceeds  the  costs  of  removal. 

The  BLM  requires   slash  disposal  on 
nearly  all  timber  sales.      Burning  is  the 
primary  means  of  slash  disposal.     Gross 
yarding,    a  term  analogous  to  the  Forest 
Service's  YUM  yarding,    is  authorized  for 
use  in  locations  where  it  is  desirable  as 
a  means  of  preparing  the  area  for  refores- 
tation or  v/here  there  is  a  smoke - 
management  problem. 


STATE  OF  WASHINGTON 

The  Washington  Department  of  Natural 
Resources  has  a  vigorous  program  of  timber 
sales  on  State  forest  lands.      Most  of  their 
old-growth  timber  in  western  Washington 
is  sold  on  a  scale  recovery  basis. 

In  May  1971,    the  Department  of 
Natural  Resources  publicized  a  proposal 
to  develop  an  assured,    stable  market  in 
northwest  Washington  for  large  Utility 
grade  logsi.'    and  for  small  sound  logs  or 
chunks  to  a  minimum  size  of  4  inches  by 
8  feet  (10.  2  cm  by  2.  44  m) .      Through 
competitive  bidding,    a  processing  firm 
would  be  guaranteed  a  10-year  supply  of 
such  material,    up  to  40  million  board 
feet  (188,800  m^)    annually,     at    a 


—     A  Utility  grade  log  is  one  that  does  not 
meet  the  requirements  of  Peeler  or  Sawmill 
grade  logs  but  has  a  usable  chip  content  of  at 
least  50  percent  of  its  gross  volume,    a  minimum 
diameter  of  6  inches  (1  5.  2  cm),    and  generally 
a  minimum  length  of  1  2  feet  (3.  7  m)  (Columbia 
River  Log  Scaling  and  Grading  Bureau  et  al.  1972). 


guaranteed  uniform  delivered  price,  sub 
ject  to  price  adjustment  every  2  years. 
The  firm  would  operate  a  pulp-chip  mill 
and  presumably  other  facilities  to  rebucl 
Utility  grade  logs  so  as  to  salvage  sound 
segments  that  would  have  higher  value 
for  lumber  and  veneer. 

Some  established  purchasers  of 
timber  opposed  the  plan  because  they 
felt  they  already  had  developed  a  good 
market  for  fiber  logs  and  did  not  want 
to  give  up  this  advantage.     Others  claime 
that  the  mechanism  for  sorting  and  gradij^ 
logs  was  uncertain  and  the  mechanism  fo 
price  adjustment  too  cumbersome.     The 
proposal  has  not  yet  been  activated. 

STATE  OF  OREGON 

The  State  of  Oregon  has  almost  no 
old-growth  forests  under  its  management 
and  therefore  does  not  experience  the 
large  amount  of  defect  or  heavy  breakage 
that  contributes  to  the  major  slash  and 
residue  problems  on  other  ownerships. 
State-owned  timber  in  Oregon  is  sold 
under  both  the  scale  recovery  and  the 
lump-sum  methods,  the  latter  used  main 
in  the  more  uniform  young- gro^A^th  stands 

Slash  disposal  on  State  of  Oregon 
forest  lands   is  done  by  the  timber  operate 
Where  necessary,    slash  concentrations 
are  treated  by  piling  and  burning,    spot 
burning,    or  by  broadcast  burning. 

INDUSTRY  LANDS 

The  comments  which  follow  are 
based  largely  on  discussions  with  repre- 
sentatives of  three    large  industrial  land- 
owners.    This  type  of  landowner  exerts 
more  control  over  utilization  of  wood, 
from  tree  stump  through  all  stages  of 
processing,    than  do  smaller  landowners 
or  the  public  agencies.     This  is  a  decidec 
advantage  in  land  management  for  residu* 
reduction. 


On  private  lands  with  controlled 
access,    the  results  of  logging  are  viewed 
less  by  the  public;  and  in  remote  locations 
esthetics  understandably  may  receive  less 
consideration.      Industrial  landowners,    in 
contrast  to  stumpage  purchasers,    are  in 
a  position  to  obtain  the  benefits  of  reduced 
hazard,    easier  reforestation,    and  better 
access  for  subsequent  land  management, 
and  they  have  an  economic  interest  in 
recovering  maximum  timber  volume  from 
each  acre. 

Utilization 

Industry  lands  are  often  closer  to  log 
markets  than  are  public  forest  lands. 
This  lowers  transportation  costs  and  tends 
to  make  closer  utilization  more  feasible. 

A  key  to  logging  residue  reduction  lies 
in  marketing,    in  finding  ways  to  utilize  the 
less  valuable  pieces  rather  than  spending 
money  to  dispose  of  them.      For  a  large 
integrated  manufacturing  firm,    every 
addition  to  the  supply  of  wood  raw  material 
adds  opportunity  for  profit  in  the  manu- 
facturing and  marketing  process.     Also, 
large  firms  with  their  own  logging  crew 
often  pay  wages  on  an  hourly  basis,    thus 
eliminating  the  logger's  incentive  to  leave 
small  and  defective  logs  of  low  value  for 
larger  and  more  valuable  timber  elsewhere. 


More  Efficient  Log  Handling 

Large  industrial  firms  have  achieved 
closer  logging  utilization  by:     (1)  sorting 
logs  in  central  log  yards  under  close 
supervision  to  assign  each  log  to  its 
highest  value  use,    depending  on  mill 
needs  or  orders;  (2)  bucking  logs  at  a 
central  yard  to  raise  grade;  and  (3) 
increasing  logging  efficiency,    with  each 
step  more  under  the  landowner's  control 
than  occurs  under  public  timber  sales. 


REVIEW  OF  RECENT  STUDIES 

Several  studies  in  the  last  few  years 
have  dealt  "with  the  problem  of  logging 
residue.      The  following   review  of  these 
studies  traces  the  growing  recognition  of 
logging  residue  as  a  problem  in  resource 
management  and  helps  to  establish  why 
reduction  of  logging  residue  is  becoming 
a  working  objective  of  forest  management. 

Feasibility  Study  in 
Western  Washington 

In  1964  the  Gram  Development  Corpora- 
tion reported  on  the  economic  feasibility  of 
utilizing  logging  residue  in  selected  Wash- 
ington counties   (Gram  Development  Corpo- 
ration 1964).      This   study  examined  several 
locations  for  a  chipping  plant  or  a  combina- 
tion chipping  plant  and  sawmill.      The  con- 
clusion was  that  a  specialized  operation 
could  be  feasible,    but  logs  would  have  to 
be  obtained  on  favorable  terms;  a  close 
working  relationship  would  be  necessary 
between  timber  buyer  and  seller  and  a 
location  near  an  integrated  forest  products 
industry  complex  would  be  desirable. 


Forest  Residues  Problem  Analysis 
and  Research  Program 

Fahnestock-='   prepared  a  research 
problem  analysis  on  impacts  of  forest 
residues  and  their  disposal.     His  conclu- 
sion was  that  management  systems  should 
be  devised  to  encourage  more  utilization, 
charging  part  of  the  added  costs  against 
the  direct  and  indirect  benefits  to  land 
management.      This   analysis   stimulated 
formation    of  the  Forest  Residues  Program 
at  the  Pacific  Northwest  Forest  and  Range 
Experiment  Station, 

2/ 
-     Fahnestock,    George  R.      1968.     Impacts  of 

forest  residues  and  their  disposal  on  forest  land 
management  and  environment  in  the  Pacific  North- 
west.     In-Service  report,    Pac.    Northwest  For. 
and  Range  Exp.    Stn.  ,    Portland,    Oreg.      28  p. 


Forest  Management  in  Wyoming 

An  interdisciplinary  Forest  Service 
study  team  investigated  the  management 
of  four  National  Forests  in  Wyoming,    in 
response  to  public  concern  of  current 
practices  (USDA  Forest  Service  1971). 
Principal  findings  were  that  people  are 
concerned  about  the  full  range  of  forest 
values,    about  unfavorable  effects  of  tim- 
ber harvesting,    and  about  the  quality  of 
forest  stewardship.     They  found  that  much 
of  the  criticism  could  be  attributed  to 
inadequate,    improper,    or  poorly  timed 
treatment  of  logging  residue. 

They  recommended  research  on 
possibilities  for  greater  utilization  or 
treatment,    studies  on  effects  of  logging 
residue  management  on  water  quality,    and 
more  coordination  of  burning  with  meteoro- 
logical information  so  as  to  reduce  objec- 
tionable effects  on  air  quality. 

Study  of   Prospective  Residue 
Utilization 

In  1971,    a  consulting  firm,    H.    C. 
Mason  and  Associates,    prepared  a  report 
for  the  Pacific  Northwest  Forest  and  Range 
Experiment  Station  on  prospective  utiliza- 
tion of  substandard  log  material.  —  ' 

Factors  identified  as  contributing  to 
successful  operations  included:     stronger 
chip  markets,    flexible  management  poli- 
cies,   close  working  relationships  with 
timber  sellers  and  logging  operators,    a 
stable  market,    and  an  outlet  for  accumula- 
tions of  higher  grade  logs  or  log  segments. 
Part  of  the  success  of  an  operation  in  log- 
ging residue  would  rest  on  the  opportunity 
to  buck  out  higher  value  segments  from 
otherwise  Utility    grade  logs. 


3/ 
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Tolman,    andR.    C.    Smith.      1971.     Study  of 

prospective  utilization  of  substandard  log 

material.      35  p.  ,    illus.     H.    C.    Mason  and 

Assoc.  ,    Inc.  ,    Gladstone,    Oreg. 


In  one  sense,    removal  of  logging 
residue  was  viewed  as  a  service    function. 
It  was  suggested    that  the  desirability  of 
cleaning  up  the  woods  may  be  worth  some 
form  of  purchaser  credit  on  stumpage. 

The  required  yarding  of  unusable  cull 
logs  was  considered  discouraging  to 
operators,    and  charred  log  remains  at 
the  landing  or  other  location  are  apt  to 
be  more  detrimental  to  appearance  of  the 
site  than  if  left  in  place  throughout  the  uni 


Close  Timber  Utilization 
Committee  Report 

In  1971   a  Forest  Service  committee  oi 
close  timbe'r  utilization  prepared  a  proce- 
dure for  making  close  timber  utilization  a 
stronger  part  of  Forest  Service  manage- 
ment direction.      Their  report  noted  that 
even  though  the  Forest  Service  has  had  a 
long-standing  policy  to  obtain  the  closest 
utilization  economically  practical,    the 
present  national  concern  for  environmenta 
quality  indicates  that  greater  efforts  are 
now  required  (USDA  Forest  Service  1972c)' 

Their  main  recommendations  were  to: 

1.  Prepare  interim  standards  that 
specify  target  levels  of  residue   reduction 
according  to  different  conditions   of  fire 
hazard,    public  exposure,    and  other  factor! 

2.  Defer  timber  harvesting  where 
these  standards  cannot  be  met. 

3.  Extend  application  of  already 
available  practices  which  encourage  better 
utilization,  including  lump-sum  sales,  YU 
yarding,  multistage  logging,  and  service 
contracts  with  salvage  rights. 

4.  Study  alternative  timber  sale 
arrangements  including  sale  of  logs  at  the 
roadside  or  at  a  concentration  point,    use 
of  an  extended  land  management  contract, 
and  alternative  pricing  procedures  to  avoi( 
average  cost  pricing  of   low- value  materia 
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5.      Require  residue  removal  under  a 
'prudent  land  manager"  concept,    which 
^ives  greater  recognition  to  the  total 
nanagement  needs  of  the  landowner. 

I  6.      Give  greater  priority  to  research 

md  development  of  methods  for  reducing 

j. egging  residue. 

7.      Encourage  improved  utilization  on 
5tate  and  private  forest  lands,    establish 
regional  teams  to  promote  better  utilization 
)n  all  lands,    and  implement  a  5-year  effort 
■Q  reduce  logging  residue  substantially  on 
ill  forest  lands. 

National  Forests  in  a    Quality 
Environment 

A  nationwide  review  of  environmental 
ispects  of  National  Forest  timber  manage- 
nent  was  made  by  a  multidiscipline  team 
)f  Forest  Service  staff  specialists  (USDA 
forest  Service  1972b). 


I         Recommendations  involving  logging 
esidue  were:     (1)  to  increase  Forest 
Service   sensitivity  to  esthetic  values  in 
)lanning  and  executing  timber  harvests 
ind  related  activities,    (2)  to  design  and 
ipply  silvicultural  treatments  to  selected 
•cad  foregrounds  in  a  manner  that  vi^ould 
)erpetuate  appropriate  species  and  provide 
in  attractive  roadside,    (3)  to  recognize 
ireas  where  the  final  harvest  cut  must  be 
ieferred  until  markets  and  sale  procedures 
Lssure  a  reasonable  level  of  utilization  of 
he  timber,    and  (4)  to  accelerate   research 
n  key  program  areas,    one  of  which  includes 
•esearch  in  practices  to  enhance  the 
environment  and  reduce  unfavorable  impacts 
)n  it. 


Forest  Service  Response  to 
Recommendations   of  Forestry  Deans 

The  Forest  Service   responded  in  June 
1972  to  the  recommendations  of  five  fores- 
ry  school  deans  -who  had  evaluated  clear- 
:utting  on  the  National  Forests  in  a  report 


to  the  Council  on  Environmental  Quality 
(USDA    Forest  Service  1972a).      The  deans 
recommended  improvement  in  Forest 
Service  timber  sale  administration  and 
supervision,    greater  contract  flexibility, 
and  more  effort  toward  increased  logging 
utilization.      They  also  recommended 
research  for  improved  logging  systems 
and  for  better  ways  of  slash  disposal  and 
removal  of  logging  debris. 

The  Forest  Service  response  recog- 
nized public   concern  over  the  "harsh 
visual  aspect"  of  a  patch-cut  area  and 
outlined  steps  being  taken  to  give  more 
attention  to  environmental  quality  and  to 
study  alternative  mixes  of  various  uses 
that  National  Forests  can  provide.      Reduc- 
tion of  logging  residue,    either  by  utiliza- 
tion or  by  some  form  of  disposal,    is  being 
given  greater  emphasis  as  an  important 
policy  objective. 


Report  of  the  President's  Advisory  Panel 
on  Timber  and  the  Environment 

In  an  appendix  to  a  report  by  a  special 
advisory  panel  on  timber  and  the  environ- 
ment,   Newport  (1973)  outlined  possible 
changes  in  timber  sale  policies  to  improve 
logging  utilization  and  reduce  waste. 
These  included  more  thinning  and  salvage 
sales,    more  sales  on  a  lump-sum  or  tree 
measurement  basis,    and  pricing  policies 
to  provide  for  sufficient  profit  and  volume 
to  encourage  investment  in  new  equipmient 
and  processes  especially  designed  for 
small  logs  and  defective  logs. 

A  staff  paper  for  the  advisory  panel's 
report  also  explored  a  service-type  con- 
tract for  Federal  timber  sales,    with  a 
logging  contract  separate  from  the  log 
sale  contract  and  a  reduced  stumpage 
charge  for  low  value  logs,    compensated 
by  higher  charges  on  high  value  logs,    or 
by  purchaser  credit  for  noneconomic 
removal  of  small  or  defective  material. 
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The  purpose  of  both  these   reports  was 
to  suggest  methods  for   reducing  logging 
residue  through  new  forms  of  sales  arrange- 
ments. 


Status  of  Timber  Utilization  Report 

Grantham  (1974)   reviewed  the   status 
of  timber  utilization  on  the  Pacific  coast 
and  pointed  to  technological  advances  in 
yarding   systems,    log  sorting  centers,    new 
pulping  systems,    new  structural  products, 
and  more  accurate  sawing  as   means  to 
reduce  wood  residues. 

He  discussed  recent  advances  in  wood 
combustion  technology  including  predrying, 
reduction  to  uniform- sized  fuel,    improved 
combustion  control  through  furnace  or 
boiler  design,    and  improved  exhaust 
emission  control.      Suggested  uses  were 
for  direct  heat  exhaust  to  veneer  dryers 
and  dry  kilns,    or  to  boilers  for  electric 
power  generation  by  some  of  the  larger 
forest  industry  plants,    especially  pulp 
mills  and  papermills.      Application  of 
these  technological  advances   can  contribute 
to  greater  logging  utilization. 


Studies  of  Lump-sum   and 
Per-acre  Pricing 

In  western  Oregon,    a  1970   study  com- 
pared six  each  of  scale- recovery  and 
lump-sum  sales  and  found  no  significant 
difference    between    the  two  groups  with 
respect  to  volume  of  logging  residue,    costs 
of  sale  preparation  and  administration, 
and  bid  prices  (Beuter  and  Arney  197Z). 
Observed  differences,    however,    suggested 
the  possibility  that  other  factors  such  as 
type  of  equipment,    market  situation  of  the 
logger,    and  time  of  logging  may  have  had 
a  strong  influence  on  logging  utilization. 

Another  study  of  1971    logging  on 
National  Forests  in  western  Washington 


and  western  Oregon  compared  19  scale 
recovery  sales  with  19  sales  where  logs 
of  80  board  feet  in  volume  and  over  were 
sold  on  a  scale   recovery  basis  but  all 
smaller,    cull,    and  Utility  grade  logs  wer 
included  on  a  lump-sum  per-acre  basis 
(Hamilton  et  al.    1975).     Results  showed 
an  adjusted  average  of  1  6.  8  percent  less 
residue  on  the  lump-sum  per-acre  sales 
statistically  significant  at  the  10-percent 
probability  level  but  not  significant  at  the 
5-percent  level.      The  authors   concluded 
that  this  was  weak  statistical  evidence  of 
a  real  difference  between  the  two  method  I 
and  that  other  factors  surrounding  the 
harvest  operation  may  be  more  importan. 


IMPROVED  SALES  ARRANGEMENTS 

Several  variations  in  timber  selling 
procedures  have  been  described  earlier 
in  this   report.      These  include  scale 
recovery  sales,    lump-sum  or  tree  mea- 
surement sales,    sales  to  specified  utilize' 
tion  standards,    combination  per-acre  anc 
scale   recovery  sales,    and  sales  with 
required  yarding  of  unutilized  material. 
Several  marketing  aspects  inherent  in 
the  timber  selling  process  are: 

1  .      The  sales  contract  is  a  legal 
agreement  between  independent  parties 
to  do  what  is  specified  in  the  contract. 
It  is  difficult  to  specify  every  detail  pre- 
cisely in  a  contract  and  yet  retain  the 
flexibility  needed  for  common  sense 
decisions  and  efficient  operation. 

2.      Timber  purchasers  have  a  pri- 
mary interest  in  obtaining  logs  for  their 
manufacturing  business  or  for  resale. 
Logging  operators,    to  continue  in  busines 
must  produce  adequate  and  sustained 
income;  this  directly  depends  on  high- 
volume  log  production.      For  the  purchase] 
or  logging  operator,    logging  costs  rise 
sharply  for  small  or  low-quality  materiall 
Most  logging  residue  has  little  or  no  valu 
to  these  parties. 
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3.  One  of  the  principles  of  marketing 
is  that  to  accomplish  something  through 
another  party  you  must  find  a  way  to  make 
him  significantly  better  off.      Reduction 

or  removal  of  logging  residue  is  not  easy 
under  this  principle. 

4.  If  logging  residues  on  public  lands 
are  to  be  significantly  reduced,    the  public 
somehow  will  have  to  stand  the  cost,    either 
in  reduced  stumpage  receipts  or  in  higher 
product  prices. 

The  above  marketing  aspects  raise  the 
question  of  what  actions  might  be  taken  to 
modify  the  sale  procedure  to  help  achieve 
greater  logging  utili7ation.     Alternatives 
y  have  been  considered,    and  additional 
research  or  pilot  testing  is  needed.     Some 
promising  ideas  are: 

TUNE  UP  PRESENT  SYSTEM 

Some  actions  can  be  taken  to  improve 
logging  utilization  under  current  authority 
and  regulations.      Any  effort  to  intensify 
or  modify  management  prescriptions  will 
take  time  for  refining  and  testing.      This, 
however,    requires  direction  and  support 
from  top  levels  of  management  of  both 
sellers  and  buyers. 

]  Rapid  closeout  of  cutting  units  for 

resale  may  also  encourage  residue 
removal.      Resale  may  be  either  for   relog- 
ging  of  parts  of  the  unit,    or  more  proba- 
bly,   for  sale  of  YUM  piles. 

INCREASED  SLASH  DISPOSAL  DEPOSITS 

Increased  purchaser  deposits  under 
the  Brush  Disposal  Act  (1  6  U.  S.  C.    490) 
could  provide  for  additional  residue 
reduction  work.      At  present,    these 
deposits  are  collected  primarily  for  fire 
protection  -work,    where  objectives  are 
not  as  broad  as  the  residue  management 
^objectives  which  relate  to  the  total  impact 
of  residues  on  other  uses  and  the  environ- 
ment. 


REQUIRED  REMOVAL 

Before  introduction  of  per-acre  pric- 
ing for  logs  under  80  board  feet  in  size,    the 
utilization  standard  specified  in  Region  6 
Forest  Service  sales  was  generally  to  a 
50-board-foot  net  log  size  in  old-growth 
stands  and  to  20  or   30  board  feet  in  young- 
growth  or  intermediate-age  forests. 
Operators  were  expected  to  remove  all 
logs  down  to  the  minimum  size  standard. 
Larger  pieces  not  removed  would  be 
scaled  and  paid  for  at  a  penalty  rate. 

Initial  experience  under  the  per-acre 
pricing  for  material  under  a  given  mini- 
mum size  has  not  been  uniform.      Some 
operators  were  encouraged  to  remove 
more  of  the  small  material,    since  it  bears 
no  direct  stumpage  charge,    but  other 
operators  left  such  material,    preferring 
to  move  to  more  valuable  material  in 
another  sale.      When  per-acre  pricing 
was  first  introduced,     there  was  no  strong 
requirement  to  remove  the  per-acre 
material.      However,    in  July  1974,    the 
Forest  Service  in  Region  6  adopted  an 
arrangement  under  which  pieces  down  to 
30,    20,    or  10  board  feet  in  individual  sales 
were   required  to  be   removed.      With  Utility, 
Special   Cull  grade, ^'    and  hardwood  logs, 
an  exception  was  made  for  gross  economic 
impracticability  at  the  time  of  removal  of 
other  timber.      Much  residue  material, 
however,    does  not  meet  these  specifications 
and  is  not  affected  by  required  removal  of 
the  specified  material. 


4/ 

-     The  Douglas-fir  Special  Cull  grade 

includes  logs  that  do  not  meet  the  requirements 

of  Peeler  and  Sawmill  grade  rules  but  are 

suitable  for  rotary  cutting  and  have  surface 

characteristics  of  a  good  No.    2  Sawmill  log. 

In  addition,    they  must  have  an  adjusted  gross 

diameter  of  at  least  l6  inches  (40.  6  cm)    and 

adjusted  gross  length  of  8  feet  8  inches  (2.  6  m); 

they  must  contain  at  least  60  percent  usable 

material  of  firnn  white  speck  or  better  (Columbia 

River  Log  Scaling  and  Grading  Bureau  et  al. 

1972). 
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The  Washington  State  Department 
of  Natural  Resources  has  similar  removal 
requirements   in  most  of  its  current  con- 
tracts. 

Where  insufficient  space  is  available 
on  regular  landings,    nearby  storage  areas 
might  be  provided  to  hold  YUM  material, 
particularly  Utility   grade  and  Special  Cull 
logs  during  a  poor  market  period. 
Although  the  idea  of  storage  areas  has 
much  appeal,    possible  problems  include 
size  of  storage  area,    length  of  storage 
period,    conflict  with  other  potential  uses 
of  the  storage  site,    accountability  of  logs 
if  more  than  one  purchaser  uses  the   same 
storage  area,    susceptibility  to  insect, 
disease,    and  fire  hazard,    and  what  to  do 
with  logs   still  in  decks  at  the  contract 
expiration  date. 

SERVICE   CONTRACT 

Under  a  service  contract,    the  public 
land  management  agency  would  in  effect 
hire  the  operator  to  do  the  logging  job  as 
directed  and  deliver  logs  to  a  sorting  yard 
or  to  a  third  party.      This  would  give  the 
public  agency  more  control  over  logging, 
which  could  then  be  more  flexible  than 
under  the  present  system  of  stumpage 
sales.      Any  degree  of  residue   removal 
could  be  required  because  the  operator 
would  be  paid  to  do  the  work.      The  pay- 
ment to  the  operator  could  be  from  a 
revolving  fund  or  purchaser  credit   toward 
other  timber,    or  some  form  of  third 
party  payment  to  the  operator. 

LAND  MANAGEMENT  CONTRACT 

The  land  management  contract  would 
focus  attention  on  the  land  management 
job  rather  than  on  the  logging  job.      The 
contracting  firm  would  be  given  a  high 
degree  of  responsibility  and  control  and 
would  need  capability  in  a  broad  range  of 
land  management  skills  in  addition  to 
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logging  skills.      Residue  management 
would  be  considered  a  part  of  this  land 
management  job.       For  example,    a  curren 
timber  sale  on  the  Wind  River  Experi- 
mental Forest  specifies  a  desired  residue 
level  to  be  left  on  three  clearcutting  units 
rather  than  giving  specifications  for  mini- 
mum size  pieces  to  be  removed.      It  is  up 
to  the  purchaser  to  reach  this  desired 
level  with  the  yarding  process. 

An  advantage  claimed  for  the  land 
management  contract  concept  is  that  the 
contractor's  success  would  be  related  to 
how  ■well  he  does  the  land  management  jot 
rather  than  how  fast  and  how  cheaply  he 
gets   out  the  logs. 

Rather  than  specifying  the  details  of 
operation,    the  contract  could  require  that 
operations  be  carried  out  in  accordance 
■with  an  approved  annual  logging  plan  whic 
would  contain  the  details  and  be  subject  tc 
negotiation  and  change  each  year  without 
modification  of  the  basic  contract. 

Potential  disadvantages  of  this  conce] 
include  inflexibility  because  of  the  probab 
long-term  nature  of  commitment,  possibl 
loss  of  control  over  detailed  operations 
by  the  agency,  and  difficulty  of  defining 
precisely  the  responsibilities  of  the  con- 
tracting parties,  particularly  those  ■which 
might  differ  from  the  present  timber  sale 
contract.  Lack  of  capability  to  perform 
technical  work  might  exclude  some  opera 
tors  or  firms  from  qualifying  for  such  a 
contract. 

MATERIALS  HANDLING 


Some  logging  residues  constitute  a 
materials  handling  problem  in  yarding, 
where  heavy,  expensive  logging  equipmen 
is  not  suited  to  handling  small  or  defectiv 
pieces.  Logs  and  chunks  are  also  left  as 
residues  when  the  operator  doesn't  have 
a  market  for  the  total  range  of  available 
raw  material.  Improvements  in  material 
handling  can  therefore  increase  utiliza- 
tion and  thus   reduce  logging  residue. 


Conventional  logging  equipment  is  not 
[ways  suitable  for  protection  of  land  values 
1  steep  slopes  nor  for  use  under  partial 
itting  prescriptions.     Improved  logging 
rstems  are  therefore  needed  to  reduce  the 
lysical  impact  of  the  logging  process  and 
create  less  residue. 

WO-STAGE   LOGGING 

Two- stage  cutting  or  yarding  may 
ove  feasible,    in  which  heavy  equipment 
used  for  large  logs,    and  smaller  more 
exible  equipment  and  crews  for  smaller 
eces.       However,    stage  cutting  has 
ndency  to  cause  breakage  in  felling  the 
;cond  stage  because  of  numerous   stumps 
:ft  from  the  earlier  stage. 

Part  of  the  advantage  of  two- stage  log- 
ng,    similar  to  adding  a  small  sawmill 
ongside  a  large  sawmill,    is  that  the  large 
ig  handling  system  can  be  relieved  of 
indling  smaller  logs,    which  are  more 
jstly  with  the  large  equipment.      This 
Llows  the  large-log  system  to  operate 
.oser  to  its  full  capacity  and  avoids  wast- 
,ig  time  with  smaller  logs. 

The  second  stage  logging  can  remove 
ot  only  the  small  logs  impractical  to 
andle  with  the  larger  system  but  also 
ome  of  the  logs  that  either  system  could 
emove.      Therefore,    the  second  stage  log- 
Lng  can  also  operate  more  efficiently  by 
aving  a  larger  volume  over  which  to 
pread  fixed  costs  (Adams  1965). 

lORE  EFFICIENT  LOGGING  SYSTEMS 

Ordinary  timber  sales  are  seldom 
eared  to  a  rational  integration  of  the  log- 
,ing  and  manufacturing  process  in  an 
fficient  total  system.    Availability  of  an 
icreasing  diversity  of  logging  methods 
ow  calls  for  more  skill  in  sales  layout 
nd  more  coordination  with  types  of  equip- 
(lent  used.      Efficient  logging  also  bucks 
3gs  and  sorts   species,    sizes,    and  grades 
3  meet  the  various  requirements  of  the 


manufacturing  plants  involved.      Logging 
residues  tend  to  be   reduced  when  logging 
is  integrated  more  closely  with  the 
diversity  of  utilization  outlets  available. 

The  conventional  high-lead  system 
has  an  inherent  tendency  to  create   residue 
by  breaking  logs  when  pulling  them  out 
of  a  jammed  situation  and  when  they  hang 
up  against  stumps  and  other  logs  or  roll 
down  a  sidehill  in  yarding.      On  the  other 
hand,    skyline  systems  create  less  residue 
because  they  can  suspend  logs  or  lift  one 
end  higher  during  the  in-haul  to  the  landing. 
Thus,    there  is  less  interference  from 
intervening  stumps  and  slash.      Balloon  and 
helicopter   systems  have  this  capability, 
but  their  high  cost  of  operation  increases 
the  size  of  the  log  that  is  economically 
submarginal  and  might  be  left  as  residue. 

Grapple  systems  are  faster  than 
choker  systems  and  can  permit  more 
rapid  and  thus  cheaper  handling  of  low- 
value  material  that  might  otherwise  be 
left  as  residue.      However,    grapple  systems 
are  mostly  limited  to  clearcutting. 

Skidding  or  yarding  is  just  part  of  the 
materials  handling  process.     More  efficient 
loading  can  sometimes  be  accomplished 
by  cold-decking  small-diameter  or  short 
pieces  for  later  handling  by  a  smaller 
loader  than  used  for  the  larger  logs. 
Hauling  of  small-diameter  or  short  pieces 
can  be  inefficient  or  even  impossible  with 
standard  long-log  trucks  unless  there  are 
sufficient  bunk  logs  to  support  the  load. 
Short  truck  and  trailer  combinations  have 
been  developed,    with  stakes   set  to  accom- 
modate  short  logs.      An  extra  trailer  and 
a  loading  crib  can  be  used  to  accumulate 
the  next  load  while  the  main  truck  and 
trailer  is  on  its  way  to  the  mill  (Adams 
1965).      However,    except  for  strictly  sal- 
vage or  large  integrated  operations,    keep- 
ing such  equipment  fully  occupied  on  a 
daily  basis  is   difficult. 
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COMBINED  LUMBER  AND  CHIP  MILLS 

Special  sawmills  have  been  designed 
to  operate  on  a  high  proportion  of  Utility- 
grade  logs.     Such  mills  aim  to  increase 
value  recovery  of  the  logs  by   rebucking 
long  logs  into  better  grade  segments  suitable 
for  lumber  or  veneer  production.      Value 
recovery  is  increased  from  what  v/ould 
otherwise  be  largely  pulp  logs  or  culls. 

Such  mills  must  be  designed  to  handle 
a  large  volume  of  chips,    preferably  with  a 
whole-log  chipper  available.      They  also 
require  a  market  outlet  for  the  large  accumu- 
lations of  sawdust,    rot,    and  bark  usable 
only  as  hogged  fuel. 

Keys  to  successful  operation  are  low 
capital  investment,    a  limited  product  line, 
small  crew,    a  dependable  log  supply,    and 
a  firm  outlet  for  chips  and  hogged  fuel. 

A  conventional  sawmill  cannot  afford 
to  operate  in  this  fashion,    because  the 
investment  in  equipment  and  high  labor 
cost  requires  use  of  largely  sound  material 
from  which  volume  and  value  output  is 
greater. 


affected  in  a  poor  market  because  of       i  li' 
their  inability  to  make  other  higher  vali  (' 
products  in  combination  with  the  chippiip 
operation.      Other  chip  mills,    integrate 
with  larger  forest  industry  firms,    have 
been  more  successful  and  probably  will 
increase  in  number. 


The  chief  advantage  of  mobile  chip] 
and  satellite  chipping  plants  is  that  they 
reduce  raw  material  to  chip  form  early 
the  marketing  process,  thus  avoiding 
costly  handling  and  rehandling  of  many 
individual  small  irregular- shaped- piec< 


Mobile  chippers  and  satellite  chipp 
plants  also  have  the  disadvantages  of 
geographic  separation  from  the  utilizati 
plant  and  lack  of  business  and  marketing 
efficiency  when  the  chipping  facility  is  1 
separate  ownership  from  the  utilization' 
plant.  Further  disadvantages  of  mobile 
chippers,  in  particular,  are  their  need 
for  an  independent  power  source,  costly 
transportation  of  workers  to  remote  sitt. 
delays  caused  by  \veather,  and  the  diffi- 
culty of  servicing  breakdowns  away  fror 
parts  and  servicing  sources. 


MOBILE   CHIPPERS  AND  SATELLITE 
PLANTS 

Large  mobile  chippers  have  been  used 
successfully  for  conversion  of  small  logs 
to  chips  at  the  logging  site  but  have  been 
made  largely  obsolete  by  introduction  of 
chip-and- saw^  mills,    or  by  other  small- log 
mills  that  are  able  to  make  a  higher  value 
product  for  small  sound  logs.     Smaller 
mobile  chippers  are  now  available,    but 
these  find  difficulty  in  producing  chips 
that  can  compete  with  mill   residues  in  the 
chip  market. 

Independent  chipping  plants  have  also 
been  tried  but  generally  have  not  been 
successful  because  of  a  fluctuating  chip 
market.     These  mills  seem  to  be  the  first 


EXPANDED  MARKETS 

Reduction  of  logging  residue  throug' 
greater  utilization  ultimately  depends  oij 
enlarging  the  market  for  end  products 
that  can  use  such  material.      In  the  shor' 
run,    logging  residue  is  left  on  the  loggir 
site  because  it  cannot  compete  with  high: 
value  raw  materials  already  in  use.      On 
a  technical  breakthrough,    higher  log 
prices,    or  a  larger  total  market  can 
bring  more  of  this  low-value  material 
into  use. 

Small,    sound  logs  down  to  a   5-inch 
(  1  2.  7-cm)  top  diameter  may  be  utilized] 
in  chip-and-saw  or  other  specialized 
small  log  sawmills.      Eor  material  not 
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lited  to  lumber  or  plywood  use,    the    chief 
karkets  are  chips  for  domestic  pulp  or 
iiTirticleboard  or  for  export.     Other  poten- 
edal  outlets  might  be  as  raw  material  for 
e.ectric  power  generation  or  mulch  and 
II  ail  conditioner. 

HIPS  FOR  DOMESTIC  PULP  OR 
)FARTICLEB0ARD 

y 


It  is  true  that  much  logging  residue 
Dntains  a  large  amount  of  sound  fiber, 
owever,    in  normal  times  pulpmills  have 
leen  well  supplied  by  mill  residue  and 
tility  grade  logs.     Also,    much  of  the 
.Dund  fiber  in  existing  logging  residue  is 
lixed  with  partially  or  totally  decayed 
ber  or  is  in  irregularly  shaped  pieces 
ot  suitable  for  handling  and  debarking, 
nd  costs  of  collecting  and  handling  are 
xcessive  for  this  less  suitable  material. 

I 

The  197  3-74  slump  in  the  lumber 

idustry  sharply  reduced  available  mill 
esidues,    and  the  pulp  industry  turned 
trongly  to  logging  residue  as  a  supple- 
mental source  of  chips.      Several  large 
hip  mills  were  built,    and  these  will 
robably  continue  operating  even  when 
vailability  of  chips  from  mill  residue 
esumes.     However,    sharp  fluctuations 
a  the  chip  market  can  disrupt  any  general 
rogram  for  increased  residue  utilization. 

The  particleboard  industry  is  growing 
ather  strongly,    but  from  only  a  modest 
»ase  relative  to  volume  of  all  w^ood  used 
•y  industry.      Its  principal  markets  are  in 
he  East  and  Central  States,    and  raw 
naterials  closer  to  these  markets  have  a 
ransportation  advantage,    plus  a  labor 
;ost  advantage    in    many  cases.     If  the 
jublic  were  to  share  a  part  of  the  cost  of 
ielivering  raw  materials  to  the  particle- 
board industry  as  a  residue  disposal 
neasure,    expansion  of  the  particleboard 
.ndustry  might  be  more  feasible. 


Structural  flakeboard  is  a  new  type 
of  board  in  the  developmental  stage.     Its 
main  features  are  longer  flakes  (1-1/2  to 
3  inches  (3.  8  to  7.  6  cm)  long)  and  con- 
trolled orientation  of  the  flakes  to  give 
the  product  greater  strength.      Douglas-fir 
flakes  are  especially  well  suited  because 
of  their  improved  strength  properties. 
If  development  is   successful,    this  product 
could  greatly  enlarge  the  market  for  wood 
residues.      Its  principal  use  would  be  for 
wall  and  roof  sheathing  in  the  housing  and 
construction  markets. 

CHIPS  FOR  EXPORT 

The  chip  export  industry,    exporting 
chiefly  to  Japan,    is  well  established  on 
the  west  coast  and  is  expected  to  continue 
strong  except  for  minor  fluctuations. 
Long-term  contracts  (about '7  years)  are 
presently  in  force,    and  in  the  long  term 
some  expansion  of  this  market  is  possible. 
So  far  foreign  purchasers  have  been 
interested  mainly  in  dealing  with  large 
well-established  firms  that  can  assure 
a  long-term  dependable  supply. 

ELECTRIC  POWER  GENERATION 

Use  of  logging  residue  for  electric 
power  generation  has  been  investigated 
by  the  Pacific  Northwest  Forest  and  Range 
Experiment  Station  (Grantham  et  al.    1974). 
The  study  found  that  this  potential  use  is 
severely  limited  by  the  high  cost  of 
collecting  and  transporting  large  volumes 
of  residue  to  a  generator  site.      Use  could 
be  either  in  power  stations  in  the  25-  to 
50-megawatt  size  class,    or  in  industrial 
power  plants  such  as  those  at  pulpmills 
where  there  is  a  demand  for  process 
steam  as  well  as  electric  power.      Larger 
sawmills  and  plywood  plants  also  have 
need  for  substantial  amounts  of  electric 
power  as  well  as  for  heat  energy  for  kilns 
or  veneer  drying.      At  present,    these 
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latter  uses  show  much  promise  for  increased 
use  of  residues.      However,    none  of  these 
can  realize  the  full  economy  of  large  scale 
powerplants,    which  with  other  fuels  will 
occur  more  in  the   500-  to  1,  000-megawatt 
size  class. 

Electric  power  generation  from  logging 
residue  in  the  Pacific  Northwest  w^as  found 
potentially  feasible  only  if  the  public  were 
to  absorb  a  portion  of  the  costs  of  collecting 
and  transporting  the  residue  material. 
Electric  power  generation  is  a  low-value 
use  for  logging  residue.     Generally  it  can- 
not compete  with  higher  value  uses  for 
sound  fiber  for  pulp  or  particleboard.      This 
situation  may  change  if  demand  and  price 
for  electric  power  continue  to  increase. 
Other  objectives,    such  as  environmental 
cleanup  and  the  building  of  diversity  or 
reserve  capacity  into  our  total  power  sys- 
tem,   could  overcome  a  costvyise  disadvan- 
tage. 

Burning  of  wood  residue  in  combination 
with  municipal  refuse  to  generate  power 
might  be  feasible  once  a  decision  was  made 
to  handle  municipal  refuse  in  this  manner, 
but  the  technology  for  this  use  has  not  yet 
been  well  perfected.      A  115-megawatt 
plant  of  this  nature  has  been  proposed  for 
Lane  County,    Oregon  (CH2M   Hill  1973). 

OTHER  ENERGY  USE 

The  1973  worldwide  oil  crisis  created 
much  interest  in  developing  other  sources 
and  types  of  fuel,    such  as  methanol  for 
automobiles  (Reed  and  Lerner  1973)  and 
methane  gas  from  municipal  organic 
wastes  or  animal  manure.      Wood  residues 
also  could  be  converted  to  these  products, 
yet  many  technical  and  logistic  problems 
would  have  to  be  solved  before  suitable 
processes  could  be  economically  feasible 
on  any  large  scale  (Grantham  and  Ellis 
1974).     At  present,    all  evidence  points  to 
other  sources  of  energy  being  much  cheaper 


and  accessible  in  larger  quantities,    su(i 
as  coal  or  natural  gas  as  a  primary 
methanol  source. 

MULCH  AND  SOIL  CONDITIONER 

Bark  mulch  is  used  extensively  for 
landscaping  purposes,  but  whether  chip 
logging  residue  could  ever  be  competiti 
in  this  use  is  questionable,  mainly  beca 
bark  is  already  available  at  a  very  low 
cost  at  mills  and  because  the  color  andi 
texture  of  bark  mulch  is  more  esthetics 
pleasing. 
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Highway  Use 

Chipped  logging  residue  may  be 
suitable  for  highway  roadside  mulching, 
where  appearance  factors  are  not  as 
critical  as  in  other  landscaping  use.  T'. 
purpose  would  be  to  conserve  soil  moisi 
for  landscape  planting,  to  control  growt 
of  weeds,  and  to  prevent  erosion.  On  tl 
negative  side,  highway  mulch  could  be 
somewhat  of  a  fire  hazard  during  dry 
periods,  but  selective  use  may  be  feasil 
where  potential  benefits  are  high  and  th( 
fire  hazard  low. 

Chipped  logging  residue  would  have! 
to  be  delivered  to  highway  departments 
at  a  cost  competitive  with  bark  mulch 
now  already  available  at  low  cost  from 
mill  residues  (Mater  1971).     Some  ports 
chippers  are  already  in  use  by  highway 
departments  for  disposal  of  roadside  br 
and  small  trees. 


Agricultural  Use 

Physical  and  chemical  properties  OJ 
bark  make  this  material  suitable  for 
agricultural  use  (BoUen  19^9).      Trials 
have  been  made  of  bark  and  other  wood 
residues  used  as  an  orchard  mulch 


;:ruikshank  1971).      Benefits  to  the  crops 
ould  have  to  be  determined.      Besides  the 
avious  high  cost,    there  would  usually  be 
nitrogen  deficiency  that  would  have  to 
3  monitored  and  corrected.      With  logging 
2sidue,    some  undesirable  as  well  as 
ssirable  fungi  or  other  microbiota  might 
3  introduced. 

The  use  of  chipped  logging  residue 
orked  into  the  soil  as  a  conditioner,    in 
Dntrast  to  a  mulch  placed  on  the  surface, 
I  another  possibility.     Here  the  nitrogen 
sficiency  would  be  more  serious.      Any 
scision  on  this  use  will  depend  on  the 
enefits  to  farming,    not  the  benefits  of 
esidue  reduction.     Agricultural  scientists 
ive  given  only  brief  consideration  to  this 
se  of  wood  residues.     So  far,    it  appears 
npractical,    particularly  from  the  cost 
tandpoint  (McGauhey  1971). 

Chipped  logging  residue  could  be 
xplored  for  long-term  soil  building  in 
xcessively  sandy  or  clay-type   soils 
Lcking  organic  matter,    not  as  a  commer- 
ial  practice  but  as  part  of  a  public  effort 
)  reclaim  land  not  now  suited  to  agricul- 
iral  use.      This  could  apply  to  situations 
here  irrigation  development  of  desert 
ind  needs  supplemental  application  of 
rganic  matter  to  the  soil.      On  the  other 
and,    a  simpler  plowed-under  cover  crop 
ould  probably  do  as  well  at  much  less 
est. 

Forest  Use 

Scattering  chipped  logging  residue 
ack  on  the  logging  areas  would  help 
ecycle  nutrients  and  prevent  soil  erosion, 
ould  cause  nitrogen  deficiency,    and  on 
teep  ground  would  be  extremely  costly, 
[not  physically  impossible.      If  the 
preading  were  restricted  to  what  could 
e  reached  along  existing  roads  or  spurs 
c  might  be  physically  or  silviculturally 
easible,    but  still  very  costly  in  collecting 


and  handling.      Roadside  chipping  of  slash 
from  partial  cutting  or  right-of-way  cutting 
has  been  tried,    but  this  method  was  found 
to  be  approximately  12  times  more  costly 
than  slash  burning  (National  Industrial 
Pollution  Control  Council  .1  971 ) .      In  addi- 
tion,   scattering  chipped  logging  residue 
on  the  logging  site  and  along  roads  would 
usually  increase  the  fire  hazard. 

Where  roadside  hazard  is  high,    a 
protective  strip  adjacent  to  the  road  might 
be  excluded  with  chips  placed  only  beyond 
this  strip.      On  little-used  spur  roads  or 
secondary  roads,    a  protective  strip  might 
not  be  necessary. 


CONCLUSIONS 

Our  conclusions  are  intended  to  high- 
light the  current  situation  and  to  bring  the 
various  aspects  of  the  residue  problem  into 
focus: 

1.  Increasing  public  travel  in  the 
forest  and  increasing  public  concern  for 
the  environment  make  former  levels  of 
logging  residue  and  smoke  from  slash 
burning  more  and  more  objectionable. 
Realistically,    logging  residue  and  slash 
burning  can  be  reduced  but  not  eliminated. 
Perhaps  the  public  would  accept  these 
things  more  readily  if  given  a  better 
understanding  of  what  was  being  done  and 
why.      From  a  conservation  standpoint, 
utilization  of  logging  residue  is  preferred 
over  treatment  or  disposal  methods. 

2.  Logging   residue  is  lower  in  value 
and  much  more  costly  to  handle  than  sound 
material  with  which  it  competes.      However, 
in  the  long   run,    as  market  forces  gradually 
increase  the  total  size  of  the  market  and 

as  the   stumpage  cost  of  sound  logs  increases, 
there  will  be  a  gradual  increase  in  utiliza- 
tion of  the  type  of  material  that  is  now 
logging  residue.      Any  incentives  that  can 
be  provided  through  improved  sales 
arrangements,    materials  handling,    and 
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utilization  processes  can  speed  adjustment 
to  a  changing  market, 

3.  From  the  user's  point  of  view, 
logging  residue  is   often  the  highest  cost 
source  of  raw  material  and  tends  to  bear 
the  greatest  impact  resulting  from  fluc- 
tuations in  demand.      In   some  instances, 
however,    its  low  stumpage  cost  may  offset 
higher  logging  costs. 

4.  Some  changes  in  timber  sale 
arrangements    such    as    lump- sum  pricing, 
required  removal,    and  elimination  of  road 
maintenance  charges  for  residue-type 
material    can    encourage    increased  logging 
utilization,    but  there  is  no  universal  solu- 
tion,   and  a  broad  range  of  alternatives  is 
desirable. 

5.  Despite  its  high  cost,    YUM  yarding 
may  sometimes  be  the  only  residue  reduc- 
tion measure  available  to  the  land  manager. 
It  has  been  an  effective  land  management 
measure,    especially  in  reducing  residue 
and  slash  burning.      However,    it  may  not 

be  desirable  on  steep,    fragile  soils  or 
where  landing  space  is  limited. 

6.  Increasing  demand  for  wood  and 
the  need  to  reduce   residues  has  brought 
development  of  specialized  log  handling 
equipment,    sorting  yards,    and  chip  mills 
to  handle  the  lower  grade  material.      As 
these  become  more  common,    the  utiliza- 
tion of  residues  will  work  its  way  more 
and  more  into  the  permanent  industrial 
and  marketing  structure  and  create  a  con- 
tinuing demand  for  what  is  now  residue. 

7.  The  electric  power  industry  is 
oriented  toward  large-scale  hydro,    nuclear, 
or  fossil-fuel  plants  for  economies  of 
scale  in  preference  to  smaller,    higher  cost 
generating  plants  that  might  be  based  on 
use  of  wood  residues.      However,    as  the 
cost  of  purchased  energy  increases, 
forest-oriented  industrial  users  such  as 
pulpmills  are  finding  it  advantageous  to 
generate  more  of  their  own  electric  power, 
heat,    and  processing  steam  from  wood 
residues.      Use  of  available  wood  fuel 
reduces  dependence  on  purchased  fossil 
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fuels  or  purchased  power,    both  of  whic 
may  be  cut  off  in  times  of  low  supply. 

8.  At  present,    sound  wood  fiber 
has  a  higher  market  value  for  pulpwood 
chips,    particleboard,    or  chip  exports 
than  as  hogged  fuel  for  electric  power 
generation.      However,    when  logging 
residue  is  used  for  these  products  a 
sizable  proportion  of  bark,    rot,    and 
other  material  suitable  for  hogged  fuel 
will  also  be  produced. 

9.  Integrated  firms  that  find  a  way 
to  utilize  logging  residue  will  have  a 
competitive  edge  over  those  that  don't, 
even  though  the   return  from  residue  uti 
zation  itself  is  not  attractive. 

10.  Public  benefits  from  reduction 
of  logging  residue  and  reduction  of  slasl 
burning  can  justify  public  sharing  of  the, 
costs  of  such  reduction.  In  addition  to 
onsite  benefits,  these  benefits  include 
the  addition  to  the  raw  material  base  an 
the  additional  employment  generated. 

1  1  .     Not  all  logging  residue  should 
be  removed,    nor  are  all  residues  neces 
sarily  objectionable.      Some  level  of 
residue  is  generally  beneficial,    depend! 
on  soil  and  site  characteristics. 

1  2.      Continuing  studies  are  needed 
of  specific  localized  situations  where  a 
combination  of  favorable  factors  can 
make  more  residue  utilization  feasible. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


GPO    996-27e 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture  is  dedicated 
to  the  principle  of  multiple  use  management  of  the  Nation's  forest  resources 
for  sustained  yields  of  wood,  water,  forage,  wildlife,  and  recreation. 
Through  forestry  research,  cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to,  provide  increasingly  greater  service  to 
a  growing  Nation.  -A., 

The  U.S.  Department  of  Agriculture  is  an  Equal  Opportunity  Employer. 
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PACIFIC  NORTHWEST  FOREST  AND  RANGE  EXPERIMENT  STATION 
U.S    DEPARTMENT  OF  AGRICULTURE  FOREST  SERVICE 

PORTLAND    OREGON 


ABSTRACT 

Forest  management  activities,  including  roadbuilding,  clearcut 
logging,  and  broadcast  burning,  can  change  certain  portions  of  the 
forest  hydrologic  cycle.   Watershed  studies  and  other  hydrologic  research 
in  the  Coast  and  western  Cascade  Ranges  of  Oregon  have  shown  that  these 
changes  may  increase  annual  water  yield  up  to  62  centimeters,  double 
minimum  flows  in  summer,  and  increase  fall  peak  flows  up  to  200  percent 
and  small  winter  peak  flows  up  to  45  percent  in  small  watersheds. 
Changes  in  streamflow  resulting  from  clearcut  logging  had  little  effect 
on  either  onsite  damage  to  stream  channels  and  hydraulic  structures  or 
downstream  flooding  when  yarding  caused  only  light  disturbance  of  soil. 
By  increasing  the  size  of  larger  peak  flows,  roadbuilding  and  soil 
compaction  may  cause  onsite  damage  in  small,  headwater  basins.   Increases 
in  annual  yield  and  minimum  flows  may  be  substantial  on  small  watersheds 
that  are  clearcut;  under  sustained  yield  forest  management,  such  increases 
are  masked  in  large,  parent  watersheds  by  unaltered  streamflow  from 
unlogged  watersheds. 

KEYWORDS:   Watershed  management,  streamflow,  road  building  (forest 
logging  (temporary)). 


This  paper  was  presented  at  the 
Symposium  on  Watershed  Management,  Logan, 
Utah,  August  11-13,  1975. 
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Introduction 

Timber  is  a  major  resource  of 
western  Oregon,  and  the  State's  econ- 
omy is  largely  based  on  timber  harvest 
and  wood  products  manufacturing. 
Each  year  some  7.5  million  cubic 
meters  (m)  of  timber  are  harvested 
from  National  Forests  alone  in  western 
Oregon.   In  some  National  Forests 
more  than  a  third  of  this  total  has 
been  harvested  with  ground-based 
systems,  and  soil  compaction  can  be 
extensive  (Dyrness  1965) .   There  are 
over  23  000  kilometers  (km)  of  forest 
roads,  and  each  year  an  additional 
900  km  of  roads  are  constructed. 
Clearcutting  has  been  the  usual 
method  of  harvesting,  after  which 
slash  has  commonly  been  disposed  of 
by  broadcast  burning.   Because  of 
possible  effects  of  roadbuilding, 
timber  harvesting,  and  burning  on 
streamflow,  a  number  of  watershed 
studies  were  begun  in  western  Oregon 
in  the  1950's  and  1960's.   This 
report  summarizes  results  from  four 
of  these  studies  and  discusses  appli- 
cation of  results  to  land  management 
problems. 

Western  Oregon  can  be  divided 
into  four  physiographic  provinces 
that  illustrate  its  varied  geologic 
history:   the  western  Cascades,  the 
Coast  Ranges,  the  Klamath  Mountains, 
and  the  Willamette  Valley  (fig.  1). 
Two  of  these,  the  western  Cascades 
and  the  Coast  Ranges,  are  areas  of 
major  timber  harvesting  and  contain 
all  the  watershed  studies.   The 
western  Cascade  province  is  underlain 
mostly  by  basalt,  andesite,  and 
pyroclastic  materials.   The  Coast 
Ranges  province  is  underlain  mostly 
by  bedded  sediments.   The  Willamette 
Valley,  an  area  of  alluvial  agricul- 
tural soil,  and  the  Klamath  Mountains, 
a  geologically  complex  province 
containing  sedimentary,  volcanic,  and 
metamorphic  rocks  with  intrusions  of 
granite  and  serpentine,  will  not  be 
discussed  further  here. 

Most  of  western  Oregon  lies 
within  the  western  hemlock  {Tsuga 


Figure  1. — Location  of  watershed 

studies  and  physiographic  provinces 
in  western  Oregon. 
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heterophylla)    zone  (Franklin  and 
Dyrness  1973) ,  the  most  important 
zone  in  terms  of  timber  production. 
Much  of  this  zone  supports  subclimax 
forests  of  Douglas-fir  {Pseudotsuga 
menziesii)   mixed  with  western  hemlock 
and  western  redcedar  {Thuja  plioata) . 
In  addition,  Sitka  spruce  {Picea 
sitchensis)    is  found  along  the  coast, 
and  Pacific  silver  fir  {Abies 
amdbilis)    is  found  at  higher  eleva- 
tions in  the  western  Cascades. 

The  climate  of  western  Oregon  is 
greatly  influenced  by  the  Pacific 
Ocean.   Temperatures  are  mild,  and 
prolonged  cloudy  periods  are  common. 


Winters  are  wet,  and  summers  are 
relatively  dry.   Precipitation, 
occurring  mainly  in  long-duration, 
low-to-moderate  intensity  frontal 
storms,  ranges  from  170  to  300  centi- 
meters (cm)  in  the  Coast  Ranges  and 
from  70  to  over  350  cm  in  the  western 
Cascades.   From  75  to  85  percent  of 
annual  precipitation  occurs  between 
October  1  and  March  31,  mostly  in  the 
form  of  rain.   Above  900-m  elevation, 
accumulations  of  snow  are  common. 

Annual  streamflow  is  closely 
correlated  with  annual  precipitation. 
Runoff  is  usually  greatest  in  December 
and  January,  the  months  of  maximum 
precipitation.   At  elevations  where 
accumulations  of  snow  are  common, 
annual  streamflow  may  exhibit  two 
peaks,  one  resulting  from  rain  in 
December  and  a  second  one  resulting 
from  snowmelt  in  April  or  May. 
Maximum  runoff  events  in  western 
Oregon  have  resulted  from  excessive 
rainfall  concurrent  with  snowmelt  in 
December  and  January.   Such  events 
have  caused  considerable  damage  to 
stream  channels,  hydraulic  structures, 
and  property  in  much  of  the  region 
(Rothacher  and  Glazebrook  1968) . 


basalt.   Soils  here  also  exhibit 
rapid  to  moderately  rapid  percolation 
rates. V  Although  steep  slopes  range 
up  to  60  percent  adjacent  to  streams 
in  the  lower  ends  of  these  study 
watersheds,  the  topography  of  this 
study  area  is  relatively  gentle  with 
slopes  less  than  10  percent.   A 
second  U.S.  Forest  Service  study  is 
located  in  the  H.  J.  Andrews  Experi- 
mental forest  75  km  east  of  Eugene. 
Slopes  here  are  steep  (55  to  110  per- 
cent) ,  and  soils  are  gravelly  loams 
and  clay  loams  derived  from  pyroclas- 
tic  rocks.   Soil  permeabilities  are 
extremely  high  (Rothacher  et  al . 
1967),  and  runoff  is  rapid.   Similar 
slope  and  soil  conditions  exist  at 
Coyote  Creek,  the  site  of  the  fourth 
study  included  in  this  report.   Soils 
are  derived  from  tuffs  and  breccias 
and  are  quite  permeable  (Richlen 
1973) .   Study  areas  are  further  com- 
pared in  table  1. 


—  Stephens,  F.  R.   1966.   Soil  manage- 
ment report.  Bull  Run-Sandy  area,  Oregon. 
136  p.  Unpublished  report,  USDA  For.  Serv., 
Mount  Hood  National  Forest,  Gresham,  Oreg . 


The  four  study  areas  described 
here  are  considered  representative  of 
much  of  western  Oregon.   The  Alsea 
study  was  conducted  by  Oregon  State 
University  in  the  Coast  Ranges  about 
16  km  from  the  Pacific  Ocean  (fig.  1) . 
Soils  here  are  derived  from  marine 
sandstone  and  are  60  to  140  cm  deep 
and  extremely  permeable  (Corliss 
1973) .   Physiography  is  typical  of 
much  of  the  Coast  Ranges;  slopes  are 
steep  (40  to  110  percent) ,  topography 
is  highly  dissected,  and  V-shaped 
drainages  are  common.  The  three  other 
studies  have  been  conducted  by  the 
U.S.  Forest  Service,  Pacific  Northwest 
Forest  and  Range  Experiment  Station. 
The  Fox  Creek  study  is  located  within 
the  city  of  Portland  municipal  water- 
shed 40  km  east  of  Portland.   Soils 
here  are  silt  loams  or  gravelly  loams 
derived  from  basic  igneous  glacial 
tills  which  overlie  andesite  and 


Table  l--Charaoteristios  of  four  watershed  studies  conducted  in 

western  Oregon 


Watershed 
study 


Elevation 
range 


Annual 
precipitation 


Type 


Amount 


Annual 
streamf low 
as  percent  of 
precipitation 


Timber 
species 


m 


cm 


Alsea 


135-  490    Rain 


254 


76-84 


Douglas-fir 
Red  alder 


H.  J.  Andrews     455-  915    Rain 


229 


56-63       Douglas-fir 

Western  hemlock 


Coyote  Creek 


730-1070 


Rain 


117 


30-43       Douglas-fir 

Mixed  conifer 


Fox  Creek 


840-1070 


Rain 
Snow 


284 


60-93       Douglas-fir 

Western  hemlock 
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Changes  in  Streamf  low 

Before  we  look  at  changes  in 
streamflow  resulting  from  certain 
forest  management  practices  in  western 
Oregon,  let's  briefly  review  the 
forest  hydrologic  system  and  isolate 
possible  components  that  may  be 
responsible  for  changes  in  streamflow. 
This  hydrologic  system,  commonly 
referred  to  as  the  forest  hydrologic 
cycle,  is  depicted  in  figure  2. 
Precipitation  that  falls  on  a  forested 
area  is  subject  to  interception  by 
plant  surfaces.   Some  intercepted 
water  eventually  falls  from  plant 
surfaces  and  joins  precipitation 
falling  directly  to  the  forest  floor. 


DEEP  SEEPAGE 


STREAMFLOW 


Figure  2. — Forest  hydrologic  cycle. 


while  another  portion  evaporates.   In 
the  H.  J.  Andrews  area,  about  14  per- 
cent of  annual  precipitation  or  about 
30  cm  is  intercepted  and  evaporated 
(Rothacher  1963) .   The  relative 
amount  of  storm  precipitation  "lost" 
to  interception  by  a  given  forest 
vegetation  depends  mainly  on  the  size 
of  the  storm.   For  example,  Rothacher 
(1963)  found  this  loss  was  100  percent 
of  storms  less  than  1.5  millimeters 
(mm)  and  less  than  5  percent  of  storm 
precipitation  in  excess  of  200  mm. 
In  other  words,  a  high  proportion  of 
precipitation  from  larger  storms 
reaches  the  ground  regardless  of  the 
presence  of  forest  vegetation. 
Consequently,  timber  harvest  would  be 
expected  to  have  its  greatest  effect 
on  interception  during  smaller  storm 
events. 


In  undisturbed  forested  areas  in 
western  Oregon,  infiltration  capaci- 
ties are  extremely  high  and  storms 
are  of  long  duration  with  low-to- 
moderate  intensities.   Surface  soils 
frequently  exhibit  hydraulic  conduc- 
tivities in  excess  of  150  centimeters 
per  hour  (cm/h)  (Dyrness  1969,  Ranken 
1974,  Yee  1975).   More  important, 
unsaturated  conductivities  of  at 
least  the  top  meter  of  soil  are 
sufficient  for  soils  to  transmit  all 
precipitation  during  most  storm 
events  (Yee  1975,  Harr  1975).   Thus, 
for  undisturbed  soil,  the  overland 
flow  component  in  figure  2  is  virtual- 
ly nonexistent;  the  movement  of 
subsurface  water  accounts  for  nearly 
all  streamflow  in  western  Oregon.   A 
small  amount  of  streamflow,  of  course, 
does  result  from  precipitation  inter- 
cepted by  stream  channels. 

When  soil  is  disturbed  by  road 
construction,  tractor  skidding  of 
logs,  or  broadcast  burning,  its 
infiltration  capacity  may  be  so 
seriously  reduced  that  not  all  water 
will  enter  the  soil.   Some  water  may 
become  overland  flow  which  can  move 
rapidly  to  stream  channels  and  out  of' 
the  watershed.   In  a  few  cases,  the 


quantity  entering  the  soil  after 
compaction  could  conceivably  be  so 
small  that  soil  drainage  during  the 
summer  would  be  insufficient  to 
maintain  streamflow.   Such  cases  may 
have  been  the  origin  of  the  popular 
but  erroneous  belief  that  clearcutting 
dries  up  springs  and  streams. 

Water  in  the  soil  is  subject  to 
uptake  and  transpiration  by  forest 
vegetation  and  to  evaporation  from 
the  soil  surface.  Generally,  evapora- 
tion from  soil  under  forested  conditions 
is  minimal,  primarily  because  of 
small  amounts  of  energy  available  for 
water  vaporization  at  the  forest 
floor  and  because  of  reduced  air 
movement  here.  This  energy  situation 
can  be  drastically  changed  by  timber 
harvest,  and  evaporation  from  soil  is 
generally  increased  after  removal  of 
forest  vegetation.   However,  this 
increase  is  greatly  offset  by  a 
reduction  in  transpiration  after 
timber  harvest  so  that  soil  on  a  cut 
area  will  contain  much  more  water  at 
the  end  of  a  growing  season  than  it 
did  while  forested.   Water  not 
returned  to  the  atmosphere  by  evapora- 
tion or  transpiration  moves  slowly 
downs  lope  and  maintains  streamflow 
during  rainless  periods. 

Subsurface  water  may  be  affected 
by  construction  of  roads  on  steep 
slopes  which  may  intersect  relatively 
slow-moving  subsurface  water  and 
convert  it  to  more  rapid  surface  flow 
in  a  ditch.   This  water  and  water 
flowing  from  road  surfaces  during 
storms  moves  rapidly  through  the 
ditch-culvert  system  and  may  reach 
the  watershed  outlet  more  quickly 
than  it  did  before  road  construction. 

With  the  foregoing  hydrologic 
system  in  mind,  let's  now  look  at 
changes  in  streamflow  which  have  been 
noted  after  common  timber  harvesting 
activities  have  been  carried  out  in 
western  Oregon. 


ANNUAL  YIELD 

Increased  water  yields  have  been 
observed  in  clearcut  watersheds  at 
all  four  study  locations,  and  in  the 
partially  cut  watersheds  at  some 
locations.   Figure  3  shows  increases 
in  annual  yield  after  a  96-hectare 
(ha)  watershed  (HJA-1)  in  the 
H.  J.  Andrews  Experimental  Forest  was 
clearcut.  Logging  began  in  August 
1962;  but  because  of  operational 
difficulties  with  the  fixed  skyline 
yarding  system,  yarding  was  not  com- 
pleted until  October  1966,  at  which 
time  the  watershed  was  burned.   A 
statistically  significant  increase 
in  water  yield  did  not  occur  until 
1963,  when  40  percent  of  the  water- 
shed had  been  clearcut.   After  100 
percent  of  the  watershed  had  been 
clearcut,  annual  yield  was  increased 
46  cm  from  predicted  (Rothacher 
1970) ;  the  first  year  of  100-percent 
clearcutting,  1965,  may  not  show  a 
typical  first  year  increase  because 
of  the  occurrence  of  two  extreme 
runoff  events--Rothacher  (1970)  con- 
sidered the  1966  and  1967  water  years 
more  representative  of  postlogging 
conditions.   A  general  decreasing 
trend  is  apparent  as  regrowth  has 
occurred.   Although  it  is  still  too 
early  to  predict  when  increased  water 


yields  will  cease,  the  trend  in 
figure  3  suggests  at  least  20  years 
will  be  required. 

In  the  Alsea  study,  the  Needle 
Branch  watershed  (AL-1)  was  82 
percent  clearcut  in  1966  and  burned 
in  1967.   In  addition,  roads  occupied 
about  5  percent  of  this  watershed. 
Initial  increases  in  annual  yield 
reported  by  Harris  (1973)  are 
included  with  subsequent  data  in 
figure  4.   Maximum  increases  did  not 
occur  the  first  year  after  logging  or 
even  the  first  year  after  burning. 
Increases  of  more  than  60  cm  occurred 
in  1969  and  1971,  at  least  2  years 
after  logging  or  burning.   Here,  a 
trend  of  decreasing  magnitude  of 
yield  increases  is  not  readily 
apparent.   Reforestation  is  proceed- 
ing here,  but  currently  the  watershed 
cover  consists  mainly  of  herbs  and 
grasses  with  red  alder  (Alnus  rubra) 
along  stream  channels. 

A  second  watershed  (HJA-3)  in 
the  H.  J.  Andrews  study  was  25 
percent  clearcut  in  patches  after  8 
percent  of  the  watershed  was  ini- 
tially cleared  and  roads  were  con- 
structed.  Figure  5  shows  that  annual 
increases  in  water  yield  averaged 
about  17  cm  during  the  initial  5  years 
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Figure   3. — Increases   in  annual   water  yield  after  clearcut   logging  in 
watershed   1,   H.    J.    Andrews   Experimental    Forest. 
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Figure   4. — Increases  in  annual   water  yield  after  82-percent  clearcut 
logging  in  Needle  Branch  watershed,   Alsea  watershed  study. 
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Figure   5. — Increases  in  annual  water   yield  after  roadbuilding  and  patch-cut 
logging  in  watershed   3,   H.    J.   Andrews  Experimental   Forest. 


after  logging  (Rothacher  1970,  1971), 
less  than  half  the  increases  noted 
on  the  clearcut  watershed.   Subse- 
quent increases  have  remained  at  about 
that  level  through  1973,  although  a 
slight  decreasing  trend  is  apparent. 
A  second  Alsea  watershed  (DC-3), 
which  contained  roads  and  was  25 
percent  clearcut  in  patches,  similarly 
exhibited  smaller  yield  increases 
than  those  noted  on  the  82-percent- 
clearcut  watershed  nearby. 

Increases  in  annual  yield  of 
water  after  timber  harvesting  acti- 
vities are  summarized  in  table  2  for 
all  the  watershed  studies  in  western 
Oregon.   The  two  largest  average  per- 
centage increases  were  noted  on  water- 
sheds most  extensively  clearcut. 
The  largest  average  percentage  increase 
in  water  yield  after  roadbuilding  and 
harvest  occurred  on  the  100-percent- 
clearcut  Coyote  Creek  watershed 
(CC-3).   Here,  yield  was  increased  an 


average  of  70  percent,  but  only  2 
postharvest  years  of  data  are  avail- 
able.  Also,  soil  on  13  percent  of 
this  watershed  was  compacted  during 
windrowing  of  slash,  and  the  overland 
flow  that  occurred  certainly  played 
an  important  role  in  the  increase  in 
annual  yield.   No  statistically  signif- 
icant  change  in  water  yield  was 
noted  in  two  other  Coyote  Creek 
watersheds  (CC-1  and  CC-2)  that  were 
30-percent  cut  by  the  shelterwood  and 
patch- cut  methods  nor  in  the  two  Fox 
Creek  watersheds  that  were  25  percent 
cut  in  patches. 

In  summary,  results  of  water 
yield  studies  have  indicated  that 
extensive  clearcutting  in  small 
watersheds  in  western  Oregon  may 
increase  annual  water  yield  more  than 
50  cm.   This  increase  is  slightly 
above  the  practical  upper  limit  of 
yield  increases  expected  from 
denuding  an  entire  watershed  that  was 


Table  2- -Summary  of  increases  in  annual  water  yield  in  western  Oregon 
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Peroent 

Alsea  (Needle 

Branch) 

AL-1 

71 

82 

CC-R  ^ 

62 

49 

27 

Alsea  (Deer  Creek) 

AL-3 

303 

25 

PC-R 

15 

7 

5 

H.  J.  Andrews 

HJA-1 

96 

100 

CC 

56 

38 

34 

H.  J.  Andrews 

-. 

HJA-3 

101 

33 

PC-R 

27 

18 

17 

Fox  Creek 

FC-1 

59 

25 

PC 

— 

II 

— 

Fox  Creek 

FC-3 

71 

25 

PC 

— 

2/ 

-- 

Coyote  Creek 

CC-1 

69 

30 

SW-R 

— 

y 

-- 

Coyote  Creek 

CC-2 

68 

30 

PC-R 

9 

lU 

24 

Coyote  Creek 

CC-3 

50 

100 

CC 

37 

33 

70 

1/ 


CC  =  clearcut,  R  =  roads,  PC  =  patch  cut,  SW  =  shelterwood. 


2/ 

—  No  significant  change. 


proposed  by  Hibbert  (1967) .   In  most 
cases,  yield  increases  have  been  25 
to  35  percent  of  predicted  streamflow. 

SEASONAL  YIELDS 

Often  the  distribution  of 
increases  in  water  yield  through  the 
year  are  of  more  interest  than  the 
size  of  the  annual  increases. 
Analyses  of  seasonal  increases  in 
water  yield  have  been  made  in  three 
of  the  watershed  studies  in  western 
Oregon;  results  are  sufficient  to 
describe,  at  least  relatively, 
seasonal  increases  that  can  be 
expected  in  much  of  western  Oregon. 

The  most  complete  analysis  of 
seasonal  water  yields  was  made  by 
Rothacher  (1970)  and  later  updated 
(Rothacher  1971).   Increases  in  yield 
were  noted  for  all  seasons  after  a 
96-ha  watershed  (HJA-1)  was  clearcut 
and  burned.   In  much  of  the  western 
Cascades  and  elsewhere  in  western 
Oregon,  largest  increases  have 
occurred  during  fall  months  when 
soils  on  the  cutover  areas  are  wetter 
than  they  were  under  forested 
conditions.   Thus,  a  smaller 
proportion  of  fall  rains  is  required 
for  soil  moisture  recharge  and  a 
larger  proportion  can  go  to 
streamflow.   Smaller  increases  in 
yield  observed  during  winter  months 
generally  have  reflected  differences 
in  interception  between  cut  and  uncut 
areas,  although  in  some  cases 
differences  in  soil  moisture  may 
exist  between  cut  and  uncut  areas 
because  of  winter  transpiration. 
Increases  noted  in  spring  months  have 
been  due  primarily  to  differences  in 
soil  moisture  content  as  a  result  of 
transpiration.   Summer  increases  have 
been  small  in  absolute  terms  but 
large  in  relative  terms.   For  example, 
minimum  flow  during  the  week  of  lowest 
flow  doubled  after  watershed  HJA-1 
was  clearcut,  and  tripled  after  this 
watershed  was  burned  (Rothacher  1971). 
Two  years  after  burning,  however, 
increases  had  diminished  as  riparian 
and  other  vegetation  returned. 


Increases  in  minimum  flows  were 
also  observed  in  the  Oregon  Coast 
Ranges.   Harr  and  Krygier  (1972)  used 
the  number  of  low-flow  days,  i.e., 
days  with  average  flow  below  0.011 
cubic  meter  per  second  per  souare 
kilometer  (m^/s-km^)(l  csml/)  as  a 
criterion  for  evaluating  changes  in 
minimum  flows.   A  significant  reduc- 
tion in  number  of  low- flow  days  was 
observed  for  5  years  after  a  71-ha 
watershed  (AL-1)  was  82  percent 
clearcut  and  burned  (fig.  6).   As 
regrowth  has  proceeded,  the  trend  has 
been  toward  the  prelogging  numbers  of 
low-flow  days.  Effects  were  initially 
most  pronounced  in  spring  and  fall. 
Because  average  daily  flow  during  the 
summer  was  generally  less  than  0.011 
m^/s-km^  on  even  the  82-percent- 
clearcut  watershed,  an  increase  in 
streamflow  during  summer  months  could 
not  be  detected  by  this  method  of 
analysis  even  though  an  increase  in 
streamflow  undoubtedly  did  occur.   A 
nearby  watershed  (AL-3)  that  was  25 
percent  clearcut  showed  a  less 
consistent  reduction  in  number  of 
low- flow  days,  again  primarily  during 
spring  and  fall  months. 

Minimum  flows  at  Coyote  Creek 
were  also  increased  after  a  50-ha 
watershed  (CC-3)  was  100  percent 
clearcut.   However,  no  significant 
changes  were  detected  either  on  the 
Coyote  Creek  watersheds  cut  in  small 
patches  or  by  the  shelterwood  method 
or  on  the  two  patch-cut  Fox  Creek 
watersheds. 

In  summary,  increases  in  seasonal 
water  yield  after  timber  removal  are 
greatest  in  fall  and  spring  when 
maximum  differences  in  water  storage 
(interception  +  soil  water)  exist. 
Largest  relative  increases  occur 
during  minimum  flow  in  the  summer. 
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Figure   6. — Relationship  between   logged  watersheds  and  an   unlogged 
(control)    watershed  on   low- flow  days   in    the  Alsea  watershed  study. 


STORM  RUNOFF 

There  has  been  continuing  specu- 
lation about  the  influence  of  timber 
harvesting  activities  on  the  magnitude 
and  frequency  of  floods  in  western 
Oregon.   Anderson  and  Hobba  (1959), 
for  example,  suggested  that  clearcut- 
ting  in  two  major  drainages  in  western 
Oregon  increased  peak  flows  13  to  56 
percent.   More  recent  research, 
however,  has  indicated  that,  although 
smaller  peak  flows  are  indeed 
increased,  major  runoff  events  are 
little  changed  by  clearcutting. 
Evidence  does  suggest  that  the  effects 
of  soil  compaction  on  forest  roads 
and  skid  trails  in  some  regions  may 
be  much  more  serious,  particularly 
for  larger  runoff  events. 

There  are  two  characteristics  of 
a  runoff  event  which  may  be  instru- 
mental in  causing  some  type  of  damage: 
peak  flow  and  stormflow  volume.   Peak 


flows,  i.e.,  the  highest  instantaneous 
rates  of  streamflow  attributable  to 
particular  rainfall  or  snowmelt 
events,  are  generally  responsible  for 
damage  to  stream  channels,  hydraulic 
structures,  and  other  improvements  in 
headwater  areas.   Thus,  any  increases 
in  major  peak  flows  after  harvesting 
can  result  in  an  increase  in  onsite 
damage.   An  increase  in  smaller  peak 
flows,  i.e.,  flows  with  a  return 
period  of  less  than  that  of  the  mean 
annual  event,  should  not  cause  appre- 
ciable onsite  damage.   On  the  other 
hand,  downstream  flooding  is  primarily 
a  function  of  stormflow  volume  from 
headwater  basins.   Should  stormflow 
volume  for  major  runoff  events  be 
increased  on  many  subwatersheds  of  a 
large  basin,  stormflow  volume  might 
be  sufficiently  increased  on  the 
parent  watershed  to  cause  downstream 
flooding.   This  downstream  increase 
in  stormflow  would  depend  on  the  size 
of  the  increases  from  subwatersheds. 


the  proportion  of  the  parent  watershed 
which  exhibits  increased  stormflow, 
and  the  travel  time  of  water  from  the 
various  subwatersheds  to  the  point 
of  potential  flooding.  Only  increases 
in  stormflow  of  major  runoff  events 
are  instrumental  in  downstream  flood- 
ing; increases  during  frequent  and 
minor  runoff  events  are  of  little 
consequence. 

An  attempt  has  been  made  to 
isolate  the  effects  of  roads  on  storm 
runoff  from  other  timber  harvesting 
activities  in  several  small  watersheds. 
Changes  have  generally  been  minor, 
inconsistent,  and  in  most  cases, 
statistically  nonsignificant  at  the 
95-percent  level  of  probability. 
Statistical  nonsignificance  has  been 
due  in  part  to  the  small  number  of 
runoff  events  suitable  for  inclusion 
in  the  analysis  and  to  the  high 
degree  of  variation  in  both  pretreat- 
ment  and  posttreatment  periods. 
Watershed  studies  have  generally 
followed  the  same  sequence.   First, 
after  watersheds  were  calibrated  for 
6  to  10  years,  roads  were  constructed 
on  certain  watersheds,  and  their 
effect  on  streamflow  was  evaluated 
for  1  to  3  years.  Then  timber  was 
harvested  and  the  effects  of  its 
removal  evaluated  for  several  years. 
The  calibration  periods,  because  they 
have  been  longer,  have  had  the  great- 
est probability  of  containing  large 
runoff  events,  those  with  a  return 
period  of  5  years  or  more.   On  the 
other  hand,  effects  of  roadbuilding 
can  be  evaluated  for  only  3  years; 
after  3  years  the  areas  are  altered 
by  logging.   Thus,  there  is  generally 
a  shortage  of  runoff  events  with 
which  to  evaluate  the  effect  of  roads 
alone.   Where  a  sufficient  number  of 
events  has  been  available,  these 
events  have  been  small  with  return 
periods  less  than  that  of  the  mean 
annual  runoff  event. 

There  has  been  much  the  same 
type  of  difficulty  in  assessing 
changes  in  storm  runoff  after  timber 
harvest.  The  effects  of  logging  and 
burning  should  be  greatest  the  first 


winter  after  harvest.  As  the  water- 
shed is  revegetated,  the  effects  of 
these  activities  are  ameliorated  so 
that  the  condition  of  the  watershed 
is  somewhat  improved.   Consequently, 
the  period  of  time  a  watershed  is  in 
a  clearcut  or  burned  condition  is 
rather  short,  and  the  number  of  storm 
runoff  events  suitable  for  analysis 
again  is  generally  small.  Also,  the 
size  of  these  suitable  events  tends 
to  be  small. 

Peak  Flows 

In  the  Alsea  study  in  the  Coast 
Ranges,  the  effects  of  roads  alone  on 
peak  flow  were  variable.  A  signifi- 
cant increase  in  peak  flow  was  noted 
only  on  a  40-ha  watershed  (AL-33) 
where  roads  occupied  12  percent  of 
total  watershed  area  (Harr  et  al. 
1975) .   Here  average  peak  flow  was 
increased  0.055  m-^/s*km^  (5  csm)  in 
both  fall  and  winter.   Both  increases 
were  highly  significant.   No  signifi- 
cant increase  in  average  peak  flow 
after  roadbuilding  was  noted  in 
either  the  H.  J.  Andrews  study  or  the 
Fox  Creek  study  where  roads  occupied 
8  percent  and  less  than  2  percent  of 
the  respective  watershed  areas.   In 
fact,  in  the  H.  J.  Andrews  study,  a 
slight  unexplained  decrease  in  peak 
flow  was  noted  after  roadbuilding.  At 
Coyote  Creek,  an  increase  in  average 
peak  flow  occurred  on  a  watershed 
(CC-1)  in  which  roads  and  skid  trails 
occupied  about  15  percent  of  the 
watershed.   In  all  four  of  the  above 
cases,  the  runoff  events  used  in 
analyses  were  generally  less  than 
0.33  m^/s-km^  (30  csm),  and  were  of 
little  consequence  in  potential 
damage  to  stream  channels  or  hydraulic 
structures.   Thus,  for  western  Oregon, 
analyses  of  changes  in  peak  flows 
have  failed  to  reveal  any  consistent 
increase  caused  by  roads  alone. 

There  are  only  two  instances 
where  watersheds  were  clearcut  (or 
nearly  so)  in  the  absence  of  logging 
roads.   In  the  H.  J.  Andrews  study, 
average  peak  flow  increased  30  percent 
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after  a  96-ha  watershed  (HJA-1)  was 
clearcut  (Rothacher  1973).   Some  fall 
peaks  were  increased  200  percent,  but 
again  these  peaks  were  very  small  and 
of  little  consequence  in  onsite 
damage.   Similarly,  in  the  Alsea 
study,  average  peak  flow  was  increased 
30  percent  and  average  fall  peak  flow 
was  increased  122  percent  after  a 
16-ha  watershed  (AL-34)  was  90  percent 
clearcut  (Harr  et  al.  1975).   Largest 
peak  flows,  i.e.,  greater  than  1.1 
m^/s-km^  (100  csm)  with  return  periods 
in  excess  of  5  years  (fig.  7),  were 
not  significantly  increased  in  the 
H.  J.  Andrews  study  (Rothacher  1973). 
In  fact,  two  peak  flows  with  return 
periods  estimated  to  be  in  excess  of 
50  years  were  slightly  less  than 
predicted,  well  within  normal  varia- 
tion observed  during  the  calibration 
period  (Rothacher  1971). 


Timber  removal  combined  with 
forest  roads  or  extensive  areas  of 
soil  compacted  by  other  means  has  had 
the  same  effect  on  average  peak  flows 
as  described  for  timber  removal 
alone.   Largest  percentage  increases 
were  noted  in  the  fall  when  maximum 
differences  in  soil  moisture  storage 
exist  between  cut  and  uncut  water- 
sheds.  In  the  Alsea  study,  statis- 
tically significant  increases  were 
also  observed  in  the  winter  on  two 
watersheds  (AL-33  and  AL-1)  65  and  82 
percent  clearcut  with  12  and  5  percent 
of  their  respective  areas  occupied  by 
roads  (Harr  et  al.  1975).   Runoff 
events  used  in  these  analyses,  how- 
ever, averaged  from  0.28  to  0.33 
m3/s"km2  (25  to  30  csm),  much  smaller 
than  the  annual  runoff  event  estimated 
by  flood  frequency  analysis  (fig.  8) . 
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Figure   7. — Peak  flow  fre- 
quency analysis   for   the 
control   watershed,   H.    J. 
Andrews  Experimental 
Forest,    1952-73. 
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Figure  8. — Peak  flow  frequency  analysis  for 
control  watershed,  Alsea  watershed  study, 
1958-73.  The  return  periods  of  the  three 
largest  events  were  arbitrarily  increased 
to  be  consistent  with  return  periods  of 
simultaneous  peak  flows  on  nearby  streams 
of  longer  record. 
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In  the  watershed  (AL-1)  where 
only  5  percent  of  the  area  was 
occupied  by  logging  roads  and  skid 
trails,  no  significant  increase  in 
peak  flows  above  0.55  m  /s-km 
(50  csm)  was  observed  (Harris  1975) . 
In  another  watershed  (AL-33)  of  this 
study  where  roads  occupied  12  percent 
of  total  watershed  area,  the  increase 
in  peak  flow  appeared  to  exist  for 

even  the  larger  runoff  events.  Simi- 
larly, in  the  Coyote  Creek  study, 
where  compacted  soil  from  logging 
roads  and  tractor  windrowing  of  slash 
occupied  13  percent  of  a  watershed 
(CC-3)  that  was  clearcut,  the  pre- 


dicted increase  in  a  peak  flow  of  1.1 
m  /s-km  (100  csm)  was  25  percent. 
Where  compacted  area  occupied  15 
percent  of  a  watershed  (CC-1)  in 
which  30  percent  of  the  forest  was 
removed  in  a  shelterwood  cut,  the 
predicted  increase  in  a  peak  flow  of 
1.1  m  /s-km   (100  csm)  was  27  percent. 

Thus,  the  amount  of  a  watershed 
in  forest  roads  and  skid  trails 
appears  to  increase  the  size  of 
larger  peak  flows  as  well  as  the 
smaller  peak  flows  during  the  rainy 
season.   This  contrasts  with  clearcut- 
ting  alone  which  appears  to  have 
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little  effect  on  larger  peak  flows. 
The  reason  for  this  increase  is 
unclear  but  may  be  related  to  the 
location  of  disturbed  soil  relative 
to  cut  areas  and  watercourses. 

Stormflow  Volume 

Changes  in  stormflow  volume 
after  roadbuilding  and  timber  harvest- 
ing have  been  analyzed  for  only  a 
small  number  of  watersheds  (Harr  et 
al.  1975).   In  the  Alsea  study, 
changes  after  roadbuilding  were 
variable.   Some  changes  were  large, 
but  only  increases  in  fall  on  the  90- 
percent-clearcut  watershed  were 
statistically  significant.   Once 
again,  only  small  runoff  events  were 
available  for  these  analyses. 

Analysis  of  changes  in  stormflow 
volume  after  timber  harvesting  has 
not  been  completed  in  the  U.S.  Forest 
Service  studies. 

Discussion 

The  foregoing  summary  of  results 
from  watershed  studies  indicates  the 
magnitude  of  changes  in  some  aspects 
of  streamflow  after  certain  forest 
management  practices  are  carried  out. 
It  is  worthwhile  to  attempt  to  place 
these  changes  in  perspective  and  see 
how  they  might  apply  to  forest  manage- 
ment in  western  Oregon. 

An  important  question  about 
increases  in  water  yield  involves 
regional  forest  management  or  manage- 
ment of  watersheds  many  times  larger 
than  the  headwater  basins  where  water 
yield  increases  have  been  observed. 
In  projecting  experimental  findings 
to  large  watersheds,  Rothacher  (1970) 
estimated  that  a  46-cm  onsite  increase 
would  be  equivalent  to  about  a  2-cm 
increase  on  a  large  area  patch-cut  on 
a  100-year  rotation.   The  trend  in 
management,  however,  appears  to  be 
toward  shorter  rotation.   Still, 
under  even  a  50-year  rotation,  timber 
on  only  about  2  percent  of  a  large 
watershed  would  be  harvested  each 


year.   With  an  initial  increase  of 
46  cm  and  a  logarithmic  decline  in 
annual  increases  (as  Kovner  (1957) 
and  Ziemer  (1964)  have  suggested) 
over  a  20-year  period,  yield  increases 
for  clearcut  areas  would  average 
about  10  cm  per  year.   This  is  equiva- 
lent to  40  percent  of  a  large  basin 
showing  a  10-cm  increase  (20  years  i 
50-year  rotation  =  40  percent) .   But 
for  30  years  of  the  rotation  or  on  60 
percent  of  the  large  watershed, 
increases  would  be  insignificant. 
Thus,  for  the  total  large  drainage 
under  sustained  yield  forest  manage- 
ment, the  annual  increase  would  be 
about  4  cm.   As  Rothacher  (1970) 
points  out,  excellent  streamflow 
records  should  have  an  error  of  less 
than  5  percent  which,  for  an  annual 
flow  of  100  cm,  amounts  to  ±  5  cm. 
Because  many  large  basins  in  western 
Oregon  yield  much  more  than  100  cm, 
the  4-cm  increase  discussed  above 
will  be  difficult  to  detect  in  a 
large  watershed  even  though  large 
increases  are  known  to  occur  in  small 
headwater  basins  where  25-  to  35- 
percent  increases  in  annual  yield 
have  been  observed.   Of  course,  still 
shorter  rotations  and  longer  recovery 
times  for  cutover  areas  would  increase 
annual  yield  from  a  large  basin 
slightly  more  than  that  described 
above. 

Results  of  watershed  studies  in 
western  Oregon  show  storm  runoff  from 
small  watersheds  in  headwater  areas 
can  be  increased  by  soil  disturbance 
and  timber  harvesting.   These 
increases  might  have  implications  for 
channel  erosion  and  design  of  hydrau- 
lic structures  in  these  headwater 
areas  and  for  downstream  flooding. 

Generally,  attempts  are  made  to 
design  culverts  and  bridges  to 
withstand  at  least  the  25-year  peak 
flow  in  western  Oregon.   If  this  size 
peak  can  be  estimated  reasonably  and 
is  indeed  designed  for,  culverts  and 
bridges  are  not  likely  to  be  damaged 
by  an  increase  in  storm  runoff  result- 
'ing  from  timber  harvest  alone. 
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Average  peak  flows  can  be  increased, 
but  the  peaks  to  which  these  increases 
apply  correspond  to  only  0.33  to 
0.55  m3/s-km2  (30  to  50  csm) ,  well 
below  the  estimated  25-year  peak  of 
about  1.7  to  1.9  m  /s-km   (150  to  175 
csm)  (see  Figs.  7  and  8).   Analyses 
of  larger  runoff  events  (Harris  1973, 
Rothacher  1973)  suggest  that  the 
effect  of  clearcutting  decreases  with 
increasing  magnitude  of  the  runoff 
event. 

Design  implications,  potential 
onsite  damage,  and  damage  to  hydraulic 
structures  resulting  from  the  effects 
of  roads  and  other  severely  compacted 
areas  on  peak  flows  are  much  more 
serious  than  those  of  clearcutting. 
Roads  are  more  permanent  than  clear- 
cuttings  and,  unlike  the  situation 
with  clearcutting,  differences  between 
watersheds  with  roads  and  watersheds 
without  roads  appear  to  exist  even 
for  large  runoff  events.   In  western 
Oregon,  four  experimental  watersheds 
had  at  least  12  percent  of  their 
areas  in  roads,  skid  trails,  and 
other  areas  of  heavily  compacted 
soil.   For  three  of  these  watersheds, 
regression  analyses  indicate  marked 
increases  in  peak  flows  with  estimated 
return  intervals  of  3  to  5  years-- 
peak  flows  larger  than  the  mean 
annual  runoff  event.   Using  data  from 
the  Alsea  watershed  study,  Harr  et 
al.  (1975)  suggested  that  a  10-year 
runoff  event  might  be  increased  to  a 
25-year  event,  and  a  25-year  event 
might  be  increased  to  a  90-year  event 
on  a  watershed  with  12  percent  of  its 
area  in  roads . 

It  is  doubtful  that  normal 
clearcutting  practices  in  the  head- 
water areas  of  western  Oregon  have 
any  appreciable  effect  on  downstream 
flooding.  Similar  conclusions  were 
reached  for  forested  watersheds  of 
the  Eastern  United  States  (Lull  and 
Reinhart  1972,  Hornbeck  1973).   Such 
flooding  results  from  extremely  large, 
low- frequency  runoff  events.   These 
are  termed  wet-mantle  floods  and  are 
caused  by  such  great  amounts  of 


precipitation  that  differences  in 
soil  moisture  and  interception  between 
cut  and  uncut  areas  become  insignifi- 
cant.  If  a  cable  yarding  system  is 
used,  soil  disturbance  is  light 
(Dyrness  1967)  and  infiltration 
capacity  largely  unchanged  on  the 
clearcut  area;  cut  and  uncut  areas 
should  respond  nearly  the  same  during 
large  storms.   In  addition,  whatever 
differences  do  exist  between  cut  and 
uncut  areas  are  further  masked  down- 
stream by  water  flowing  from  uncut 
areas.   To  illustrate  this  point, 
Harr  et  al .  (1975)  assumed  a  100-year 
rotation,  an  initial  increase  in 
stormflow  of  10  percent,  and  that 
increases  in  stormflow  would  not 
disappear  until  20  years  after 
timber  harvest.   They  estimated  that 
the  maximum  increase  in  total  storm 
flow  at  the  outlet  of  a  typical  large 
drainage  in  western  Oregon  would  be 
about  1  percent;  for  a  50-year  rota- 
tion, the  increase  would  be  about  2 
percent,  hardly  enough  to  cause 
downstream  flooding. 

The  effects  of  clearcutting  on 
storm  runoff  also  may  be  overshadowed 
by  other  hydrologic  phenomena  some- 
times related  indirectly  to  timber 
harvest.   Road  failures,  natural 
slope  failures,  natural  organic 
debris,  and  logging  debris  can  tempo- 
rarily dam  streams  and  cause  extreme 
peak  flows  when  such  dams  eventually 
fail  and  release  large  quantities  of 
water  and  debris.   Culverts  and 
bridges  adequate  to  accommodate 
design  flows  have  failed  when  plugged 
with  debris  (Rothacher  and  Glazebrook 
1968).   In  addition,  snow  accumulation 
and  melt  rate  in  the  ephemeral  snow 
zone  may  be  altered  by  clearcutting. 

A  potential  application  of 
results  of  watershed  studies  in 
western  Oregon  involves  the  relation- 
ship between  increases  in  water  yield 
and  in  peak  flow.   National  Forests 
in  the  northern  Rocky  Mountains,  for 
example,  are  regulating  timber  harvest- 
ing activities  to  minimize  channel 
erosion  (USDA  Forest  Service  1971, 
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Table  ^--Summary  of  increases  in  annual  yield,   average  peak  flow,   and  large 
peak  flows  in  experimental  watersheds  in  western  Oregon 


Location  and 
watershed 


Code 


Area 


Cut 


Severely 
compacted 


1/ 


Did  increase  occur? 


Annual 
yield 


2/ 


Average 


peak 
flow 


2/ 


Large 

peak 

flow 


ha 


Percent 


Percent 


Alsea  [Needle 
Branch) 


AL-1 


71 


82 


Yes 


Yes 


No 


Alsea  (Deer 
Creek) 

Alsea  (Deer 
Creek  #2)-' 


3/ 


AL-3 


AL-32 


303 


56 


25 


30 


Yes 


Yes 


4/ 


No 


No 


No 


No 


Alsea  (Deer  , 
Creek  #3)-' 

AL-33 

40 

65 

12 

Yesi/ 

Yes 

Yes 

Alsea  (Deer  , 
Creek  #4)-' 

AL-34 

16 

90 

0 

Yesi/ 

Yes 

No 

H.  J.  Andrews 

HJA-1 

96 

100 

0 

Yes 

Yes 

No 

H.  J.  Andrews 

HJA-3 

101 

30 

8 

Yes 

Yes 

No 

Fox  Creek 

FC-1 

59 

25 

2 

No 

Yes 

No 

Fox  Creek 

FC-3 

71 

25 

0 

No 

No 

No 

Coyote  Creek 

CC-1 

69 

30 

15 

No 

Yes 

Yes 

Coyote  Creek 

CC-2 

68 

30 

7 

Yes 

No 

No 

Coyote  Creek 

CC-3 

50 

100 

13 

Yes 

Yes 

Yes 

—  Figures  here  are  not  directly  comparable.   Some  are  for  roads  and  skid 
trails  only;  others  also  include  cut-banks  and  fill-slopes. 

2/ 

—  Statistically  significant  increases  (a=0.05)  in  annual  yield  and  average 

peak  flows  are  indicated. 


3/ 
4/ 


The  Deer  Creek  watershed  was  divided  into  subwatersheds . 


Annual  yield  data  are  not  available,  but  increases  are  assumed,  based  on 
results  of  water  yield  analyses  on  other  Alsea  watersheds. 
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Delk  1972,  Galbraith  1973)  because 
increases  in  peak  flow  (and  thus 
channel  erosion)  supposedly  are 
related  directly  to  increases  in 
annual  water  yield. 

However,  in  western  Oregon  there 
is  no  consistent  relationship  between 
increases  in  water  yield  and  increases 
in  peak  flow  after  timber  harvesting 
activities.   Type  of  watershed  treat- 
ment and  whether  or  not  increases 
occurred  in  annual  yield,  average 
peak  flows,  and  large  peak  flows  are 
shown  in  table  3.   As  can  be  seen, 
every  possible  combination  of 
increases  has  been  observed.   Six 
experimental  watersheds  exhibited 
increases  in  annual  yield  and  average 
peak  flows.   (Increases  in  water 
yield  have  been  assumed  for  the  three 
Deer  Creek  subwatersheds  although 
annual  yield  data  are  not  available.) 
Three  watersheds  showed  an  increase 
in  water  yield  but  none  in  average 
peak  flow,  and  two  showed  no  increase 
in  yield,  but  an  increase  in  average 
peak  flow.   The  only  consistency  here 
is  that  all  watersheds  that  were  at 
least  65  percent  clearcut  showed 
increases  in  both  water  yield  and 
average  peak  flows. 

In  terms  of  damage  to  stream 
channels  by  increases  in  peak  flows, 
it  seems  improbable  that  these  average 
peaks  are  very  effective.   Sediment 
concentrations  are  frequently  high 
during  initial  fall  runoff  events, 
nearly  all  of  which  are  smaller  than 
the  average  peak  flow;  but  this 
sediment  most  likely  is  soil  that 
fell  into  the  stream  channel  during 
the  summer.   Thus,  even  if  a  strong 
relationship  did  exist  between 
increases  in  water  yield  and  increases 
in  average  peak  flow  (it  doesn't)  it 
would  be  of  little  consequence  in 
channel  erosion. 

Of  considerably  more  importance 
to  channel  erosion  are  increases  in 
larger  peak  flows,  i.e.,  peaks  with 
return  intervals  in  excess  of  that  of 
the  mean  annual  peak  (2.33  years). 


Peaks  of  this  size  appeared  to  have 
increased  on  only  three  experimental 
watersheds  in  western  Oregon.   Each 
of  these  watersheds  had  at  least  12 
percent  of  its  area  occupied  by 
heavily  compacted  soil,  mainly  as  a 
result  of  logging  roads,  tractor 
skidding,  and  tractor  windrowing  of 
slash.   Thus,  soil  disturbance  and 
its  location  relative  to  stream 
channels  appear  to  offer  a  basis  for 
developing  a  method  for  regulating 
timber  harvesting  to  minimize  channel 
erosion.  However,  the  dynamics  of 
channel  erosion  and  sediment  transport 
are  insufficiently  understood  at  this 
point  to  allow  assessment  of  the 
effects  of  timber  harvest  activities 
on  this  type  of  erosion. 


Summary 


Results  of  four  studies  show 
certain  aspects  of  stream  flow  in 
small  watersheds  in  headwater  areas 
in  western  Oregon  were  changed  by 
roadbuilding,  clearcutting,  and  other 
timber  harvesting  activities.   Annual 
yields  and  summer  low  flows  were 
increased  significantly  after  clear- 
cutting.   Such  increases,  however, 
have  only  onsite  importance,  because 
under  sustained  yield  forest  manage- 
ment, increases  in  water  yield  from 
clearcut  areas  are  greatly  overshad- 
owed by  water  flowing  from  uncut 
areas.   Thus,  yield  increases  in  a 
large  basin  are  extremely  small. 
Both  roadbuilding  and  clearcutting 
increased  small  peak  flows.   Large 
peak  flows  appeared  to  be  increased 
where  at  least  12  percent  of  a  water- 
shed was  seriously  compacted  by 
roadbuilding,  tractor  skidding,  or 
tractor  windrowing  of  slash. 

Timber  harvesting  practices  that 
do  not  severely  modify  soil  properties 
on  more  than  about  5  percent  of 
headwater  basins  in  western  Oregon 
probably  do  not  have  any  appreciable 
effect  on  large,  low-frequency  runoff 
events  which  cause  extensive  down- 
stream flooding.   These  large  events 
are  wet-mantle  floods  caused  by  such 
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great  amounts  of  precipitation  that 
differences  in  soil  moisture  content 
and  interception  between  cut  and 
uncut  areas  become  insignificant. 
Thus,  cut  and  uncut  areas  should 
respond  nearly  the  same  during  these 
events.   Moreover,  differences  that 
do  exist  are  further  masked  by  water 
flowing  from  uncut  areas.   In  addi- 
tion, slight  effects  of  clearcutting 
on  storm  runoff  may  be  overshadowed 
by  the  occurrence  of  other  hydrologic  • 
phenomena  that  may  be  indirectly 
related  to  clearcutting.   For  example, 
large  organic  debris  may  plug  culverts 
and  cause  them  to  fail  during  major 
runoff  events,  even  though  the  cul- 
verts are  adequate  to  carry  the  water 
produced  (Rothacher  and  Glazebrook 
1968). 

The  supposed  relationship  between 
increases  in  annual  yield  and  increases 
in  peak  flow  currently  serving  as  the 
basis  for  regulating  timber  "harvest 
in  the  northern  Rocky  Mountains  (USDA 
Forest  Service  1971,  Delk  1972, 
Galbraith  1973)  does  not  exist  for 
western  Oregon. 
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INTRODUCTION 

Alaska!   Even  the  name  evokes  a  sense  of  excitement  and  challenge.   From 
the  icefields  of  the  Arctic  to  the  bustling  boomtowns  of  the  pipeline,  Alaska 
has  a  youthful  vitality  that  beckons  the  adventurous,  with  its  promise  of 
riches,  spiritual  rejuvenation,  the  thrill  of  exploring  the  unknown  and 
uncharted.   To  Alaskans  as  well  as  other  Americans,  the  State  is  more  than  a 
sprawling  land  mass;  it  is  a  symbol,  a  new  beginning,  perhaps  another  chance 
at  something  we  thought  we'd  lost.   It's  the  last  frontier,  the  outpost  of 
the  American  pioneer  dream  of  infinite  resources,  limitless  freedom,  and 
boundless  hope  for  the  future. 

This  abundance  is  not  infinite,  however.   Alaska  is  not  only  our  last 
frontier,  it  is  our  last  chance--a  final,  unique  opportunity  to  develop  an 
effective  resource  management  policy  to  insure  that  all  this  richness  is 
used  wisely.   Such  a  policy  would  achieve  a  sensitive  balance  between 
resource  development  and  protection  of  the  scenic  and  recreational  attrac- 
tions of  the  Alaskan  landscape. 

Alaska's  recreational  and  scenic  resources  are  among  her  most  valuable 
assets.   The  opportunity  for  most  kinds  of  outdoor  recreation  is  greater 
here  than  anywhere  else  in  the  United  States.   Tourism  is  among  the  four 
leading  industries  in  the  State,  and  outdoor  recreation  is  an  important  part 
of  the  lives  of  most  Alaska  residents.   As  growth  proceeds  in  Alaska,  it  is 
essential  to  plan  for  the  conservation,  protection,  and  rational  development 
of  these  vast  resources. 

A  fundamental  requirement  for  the  management  of  any  natural  resource  is 
accurate  information  about  its  current  and  potential  use.   For  many  years 
the  U.S.  Forest  Service  has  sought  to  expand  its  research  program  in  Alaska 
to  include  recreation  and  scenic  resources  in  order  to  provide  information 
needed  for  truly  comprehensive  management  planning.   A  necessary  requirement 
for  this  research  is  easy  access  by  scientists  to  existing  research  reports 
and  other  relevant  literature.   Scientists  must  be  familiar  with  current 
research  about  a  subject  before  they  can  add  to  it,  and  managers  need  easy 
reference  to  the  latest  knowledge  as  a  basis  for  decisions.   Bibliographies 
play  a  significant  role  in  achieving  these  objectives. 

This  bibliography  on  recreation  and  scenic  resources  in  Alaska  seeks  to 
fill  this  need  with  annotations  on  previous  research-based  documents  on  the 
subject  and  references  to  important  related  material. 

The  citations  are  organized  under  several  categories. 

PRIMARY  INFORMATION 

I.  Research- based  material,  including  published  and  unpublished 
studies,  data-based  reports,  and  journal  articles  on  a  variety  of  topics 
relating  directly  and  indirectly  to  Alaska's  recreational  and  scenic 
resources . 

SUPPORTING  INFORMATION 

II.  Management  and  planning  material  from  local,  State,  and  Federal 
agencies,  private  consulting  firms,  and  individuals.   For  clarity  and 
utility  we  have  arranged  this  material  as  follows: 


A.  Studies,  surveys,  and  reports 

B.  Proposals 

C.  Plans  and  programs 

D.  Policy  documents 


III.   Historical  and  cultural  material  from  books,  pamphlets,  and 
articles  of  historical  or  cultural  significance . 

IV.   Bibliographic  material,  including  bibliographies,  indexes,  and 
book  catalogs. 

V.   Popular  material  including  books,  articles,  and  pamphets  on 
travel  and  environmental  issues,  and  material  describing  Alaska's  recreation 
and  scenic  resources  for  the  general  public. 

The  sections  are  organized  generically  rather  than  topically.   Publi- 
cations on  tourism,  for  example,  may  appear  in  the  research  section,  the 
management  and  planning  section,  and  so  on,  depending  on  whether  the 
publication  is  a  research  study,  a  proposal  for  increasing  tourism,  etc. 
The  keyword  index  provides  an  index  by  topic.   If  the  reader  wants  to 
examine  all  the  references  relating  to  tourism,  the  keyword  index  provides 
a  comprehensive  list  of  citations  relating  to  that  topic  regardless  of  type 
of  publication. 

We  have  annotated  nearly  all  of  the  research-based  documents.   Many  of 
the  references  in  the  other  sections  also  have  abstracts.   The  citations  are 
numbered  consecutively  throughout  the  bibliography  but  are  presented  alpha- 
betically by  author  within  each  section.   The  two  indexes  should  increase 
the  bibliography's  utility: 

1.  The  keyword  index,  mentioned  above,  allows  readers  to  locate  all 
materials  on  a  specific  topic  by  referring  directly  to  the  references 
corresponding  to  the  numbers  following  each  keyword  in  the  index. 

2.  The  author  index  alphabetically  lists  all  senior  and  junior  authors. 

Copies  of  most  of  the  materials  included  in  this  bibliography  have  been 
placed  in  the  Forest  Resources  Library  at  the  University  of  Washington. 

We  have  attempted  to  cite  all  available  research-based  material  on 
recreation  and  scenic  resources  in  Alaska.   The  overwhelming  impression  of 
this  effort  is  that  little  research-based  information  exists--and  that  much 
of  what  does  exist  is  outdated.   Most  of  the  material  is  dated  prior  to 
1974,  although  a  few  more  recent  sources  are  included.   We  encourage  our 
readers  to  inform  us  of  oversights  and  omissions,  and  to  bring  to  our 
attention  additional  material  they  feel  should  be  included  in  updated 
versions.   We  hope  this  bibliography  will  prove  useful  to  researchers, 
resource  managers,  educators,  students,  planners,  public  officials,  and 
business  leaders  concerned  with  the  future  of  Alaska's  recreational  and 
scenic  resources. 
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PRIMARY    INFORMATION 


I.    Research- based  Material 


1.  Alaska  Department  of  Economic  Development  and  Planning. 

1962.   Alaska  passenger  traffic  survey,  1961.   17  p.   Alaska  Dep. 
Econ.  Dev.  and  Plann.,  Juneau. 

Increases  in  auto,  railroad,  and  steamship  travel  to  and  from  Alaska 
and  a  decline  in  air  travel  were  reported  in  1961.   Total  passenger  movement 
in  1961  was  377,114,  down  from  1960.   Statistics  emphasize  the  importance 
of  air  travel  to  the  total  travel  picture.   The  1961  travel  pattern  is 
similar  to  that  of  the  1950' s.   July  is  the  most  popular  month,  and  February 
the  least  popular,  in  which  to  travel.   Distribution  and  seasonality  of 
passenger  traffic  are  discussed.   Tables  and  indepth  discussions  of  various 
modes  of  travel  are  included. 

KEYWORDS:   Use  statistics,  use  projections,  access,  highways  and  roads, 
research. 

2.  Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division. 

1960.  Investigations  of  Alaska's  public  fishing  access  requirements. 
In   Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division, 
1959-1960  Dingell- Johnson  project  report,  1:108-141,  illus. 
Juneau . 

The  Alaska  Department  of  Fish  and  Game  became  a  primary  agency  in 
assuring  anglers  access  to  recreational  fishing  waters  upon  Alaska's  entry 
into  the  Union.   The  investigation  reviewed  the  activities  of  a  number  of 
other  agencies  and  then  incorporated  their  findings  into  their  report. 
They  studied  certain  waters  to  assess  potential  angler  use  and  to  determine 
means  of  site  acquisition.   Five  basic  criteria  were  involved  in  evaluating 
future  potential.   The  study  also  reviewed  the  steps  used  in  establishing 
the  status  of  proposed  public  fishing  access,  sites,  and  the  State  and 
Federal  laws  pertinent  to  the  acquisition  of  these  sites,  and  evaluated  763 
lakes  and  streams  for  access  needs.   One-hundred  and  twenty-three  sites  were 
requested  and  are  being  acquired  under  the  various  acquisition  methods. 
Location,  acreage,  and  front  footage  for  the  sites  are  located  on  maps. 

KEYWORDS:   Hunting  and  fishing,  sites  and  facilities,  use  statistics, 
access,  research. 

3.  Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division. 

1961.  Investigations  of  Alaska's  public  fishing  access  requirements. 
In   Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division,  1960- 
1961  Dingell- Johnson  project  report,  2:265-288,  illus.   Juneau. 

Evaluation  of  822  lakes  and  streams  for  access  needs  resulted  in  selec- 
tion, reservation,  and  processing  of  53  areas  encompassing  247.8  acres.   The 
areas  of  effort  were  scattered  throughout  the  State.   The  principal  effort 
of  the  project  centered  on  rights-of-way  leading  from  existing  and  proposed 
roads  to  suitable  recreational  fishing  areas.   Of  53  angler  access  trails  surveyed, 
15  were  plotted  and  processed  with  responsible  agencies,  24  were  held ^in 
abeyance  pending  further  data,  and  14  were  abandoned  when  conditions 
required  much  action.   An  additional  acquisition  of  three  use-sites  and  the 
necessary  rights-of-way  were  a  result  of  negotiations  with  private  indi- 
viduals.  Forty-seven  sites  were  recommended  for  access  acquisition,  but 
processing  was  delayed  until  necessary  land  survey  records  became  available. 
Location  and  descriptive  data  on  processed  sites  are  tabulated. 

KEYWORDS:   Hunting  and  fishing,  sites  and  facilities,  use  statistics, 
access . 


4.  Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division. 

1962.  Investigations  of  Alaska's  public  fishing  access  requirements. 
In   Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division,  1961- 
1962  Dingell- Johnson  project  report,  3:135-174,  illus.   Juneau. 

Information  obtained  from  the  investigation  and  evaluation  of  420  lakes 
and  streams  for  public  access  needs  resulted  in  the  recommendation  and 
subsequent  processing  of  79  use-sites  in  86  waters.   Total  acreage  of  sites 
was  2,409.82   Need  for  site  acquisition  on  a  given  water  was  based  on 
physical  inventory,  fishing  and  angler  use  data,  and  information  collected 
in  the  field  from  such  sources  as  anglers,  lodge  owners,  local  residents, 
and  Eskimo  councils.   A  proposal  is  submitted  recommending  that  a  10-foot 
public  right-of-way  be  established  on  both  banks  of  48  valuable  stream 
fisheries  that  pass  through  State  lands.   Locational  data  and  other 
pertinent  site  information  are  tabulated  and  shown  in  map  form. 

KEYWORDS:   Hunting  and  fishing,  sites  and  facilities,  use  statistics, 
access . 

5.  Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division. 

1963.  Investigations  of  Alaska's  public  fishing  access  require- 
ments. In   Alaska  Department  of  Fish  and  Game,  Sport  Fish 
Division,  1962-1963  Dingell -Johnson  project  report,  4:327-390. 
Juneau. 

Evaluation  of  1,289  waters  for  access  requirements  resulted  in  recom- 
mendations for  selection,  reservation,  and  processing  of  150  sites  encom- 
passing 2,009  acres.   The  study  surveyed  22  rights-of-way  comprising  964,848 
feet  and  initiated  a  new  access  water  status  file  system- -now  in  effect  and 
covering  more  than  1,200  waters.   There  is  a  description  of  this  system  in 
the  text,  as  well  as  a  sample  case  history  in  the  appendix. 

KEYWORDS:   Hunting  and  fishing,  sites  and  facilities,  use  statistics,  access. 

6.  Alaska  Division  of  Lands. 

1965.   Alaska  campers,  1964.   26  p.   Alaska  Div.  Lands,  Juneau. 

Researchers  gathered  data  from  28  campgrounds;  they  interviewed  1,219 
individuals  representing  4,884  campground  uses.   The  study  focuses  on  types 
of  people  using  campgrounds,  camping  habits,  campground  activities,  campers' 
opinions  of  campgrounds,  and  campers'  willingness  to  pay.   Findings  include: 
The  typical  resident  camper  is  between  20  and  44  years  old,  travels  by  car 
or  camper,  is  married,  has  two  children,  lives  in  Anchorage  or  Fairbanks, 
and  is  most  likely  "military."   The  typical  nonresident  camper  is  between 
45  and  64,  travels  by  camper,  and  has  his  wife  with  him.   Nonresident 
campers  account  for  33  percent  of  campground  use.   The  study  makes  several 
recommendations  for  improving  camping  facilities  to  meet  the  desires  of  the 
camping  population:   create  developed  camping  facilities  within  100  miles  of 
large  centers  of  population,  place  more  emphasis  on  picnicking  facilities, 
and  provide  primitive  facilities  for  hunters  and  fishermen.   Tables  are 
included. 

KEYWORDS:   Use  statistics,  sites  and  facilities,  access,  camping,  research. 


7.  Alaska  Division  of  Lands,  Branch  of  Parks  and  Recreation. 

1967.   Alaska  resident  recreation  demand  survey.   24  p.   Alaska 
Div.  Lands,  Branch  Parks  and  Recreation,  Anchorage. 

The  survey  includes  analyses  of:   (1)  the  favorite  seasonal  activities 
of  residents,  (2)  activities  residents  do  not  engage  in  and  the  reasons 
they  don't,  (3)  a  recreation  travel  profile,  (4)  modes  of  recreational 
travel,  and  (5)  the  number  of  residents  who  engage  in  each  recreational 
activity. 

KEYWORDS:   Use  statistics,  research. 

8.  Alaska  Resource  Development  Board. 

1956.   Alaska  passenger  traffic  survey,  1955.   13  p.,  illus.   Alaska 
Resour.  Dev.  Board,  Juneau. 

The  total  passenger  movement  (entering  and  leaving  Alaska)  for  1955  was 
245,590,  down  from  the  1954  high  of  256,027.   The  relationship  of  arrivals 
to  Alaska  to  departures  from  Alaska  changed  dramatically  in  1954:   Arrivals 
outnumbered  departures  in  1953  by  about  5,000;  in  1954,  departures  outnumbered 
arrivals  by  almost  the  same  amount.   In  1955  the  peak  travel  month  was 
August,  and  February  was  the  least- traveled  month.   Airlines  carried  62 
percent  of  the  traffic,  highways  29.4  percent,  and  steamships  8.3  percent. 
Water  transportation  decreased  from  1950,  air  transportation  increased,  and 
highway  traffic  remained  fairly  constant.   The  survey  goes  into  detail  on  use 
trends  for  these  three  modes  of  passenger  transportation  and  illustrates 
these  trends  with  bar  charts. 

KEYWORDS:   Use  statistics,  highways  and  roads,  access,  research. 

9.  Arthur  D.  Little,  Inc. 

1963.   A  survey  of  potential  interest  in  tourist  travel  to  Alaska. 
36  p.   Alaska  Dep.  Econ.  Dev.  and  Plann.,  Juneau. 

KEYWORDS:   Use  projections,  tourism,  economic  development. 

10.  Atamian,  Sarkis. 

1966.   The  fish  and  game  violator.   Univ.  Alaska  Inst.  Bus.,  Econ.  and 
Gov.  Res.,  Res.  Monogr.  7,  59  p.   College  [Fairbanks]. 

Pages  1-8  deal  with  outdoor  recreation. 

KEYWORDS:   Hunting  and  fishing,  use  statistics,  laws  and  regulations, 
research. 

11.  Barney,  Richard  J.,  and  Erwin  R.  Berglund. 

1974.   Wildfire  smoke  conditions:   interior  Alaska.   U.S.  Dep. 
Agric.  For.  Serv. ,  Res.  Pap.  PNW-178,  18  p.,  illus.   U.S.  DQp. 
Agric.  For.  Serv.,  Pac.  Northwest  For,  and  Range  Exp.  Stn., 
Portland,  Oreg. 

Records  of  21  stations  were  analyzed  for  the  occurrence,  persistence, 
and  related  visibility  resulting  from  summertime  wildfire  smoke  and  haze  in 
interior  Alaska.   Maximum  probability  of  smoke  occurrence  for  any  station 
and  month  was  8.7  percent  in  July  for  Bettles.   Seasonal  occurrence  of 
smoke  was  greatest  for  Tanana--3  percent.   Persistence  of  smoke  and  reduction 
in  visibility  were  not  found  to  the  extent  previously  assumed. 

KEYWORDS:   Fire  and  fire  control,  research. 


12.  Battelle  Memorial  Institute. 

1961.   Report  on  an  integrated  transport  system  to  encourage  economic 
development  of  northwest  North  America.   425  p.   Battelle  Mem. 
Inst.,  Columbus,  Ohio. 

This  report  contains  a  section  on  tourism  (p.  243-268)  which  includes 
analyses  of  Alaska  travel,  Alaska  visitors,  major  areas  of  attraction  to 
visitors,  conditions  affecting  tourism,  present  and  prospective  use  of 
Alaska's  tourist  recreation  resources,  potential  increases  in  visitors  to 
Alaska,  and  the  possible  effect  of  these  potential  increases  on  Alaska's 
economy.   It  emphasizes  the  unique  nascent  quality  of  the  State's  tourist 
and  recreation  industry  and  the  value  of  Alaska's  unspoiled  wilderness, and 
warns  of  the  consequences  of  a  successful  tourist  promotional  effort  that 
might  come  before  Alaska  is  prepared  for  it.   Great  distances,  lack  of 
facilities,  physical  hazards,  highly  fluctuating  demand  accompanied  by 
seasonality,  limited  investment  funds,  poor  service,  high  costs,  and  lack 
of  an  adequate  financial  promotional  effort  could  hinder  an  Alaskan  tourist 
development  program. 

The  study  predicts  a  possible  fourfold  increase  in  tourism  in  Alaska  by 
1980. 

KEYWORDS:   Use  statistics,  use  projections,  tourism,  economic  development, 
access,  wilderness  values,  planning. 

13.  Bergstrand,  Jay  [L.] 

1970.   Investigations  of  Alaska's  public  fishing  access  requirements. 
In   Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division,  Annual 
report  of  progress,  1969-1970,  Federal  Aid  in  Fish  Restoration 
Project  F-9-2:  Sport  Fish  Investigations  in  Alaska,  ll;331-342. 
Juneau. 

KEYWORDS:   Hunting  and  fishing,  sites  and  facilities,  access,  use  statistics. 

14.  Bergstrand,  Jay  L. 

1967.   Investigations  of  Alaska's  public  fishing  access  requirements. 
In   Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division, 
Annual  report  of  progress,  1966-1967,  Federal  Aid  in  Fish  Restora- 
tion Project  F-5-R-8:   Sport  Fish  Investigations  of  Alaska, 
6:265-271.   Juneau . 

Statewide  public  access  investigations  were  concerned  largely  with  the 
broader  aspects  of  multiple-use  management  rather  than  individual  site 
recommendations.   Public  recreation  land  classification  issued  by  the 
Department  of  Natural  Resources,  Division  of  Lands,  reserved  82,298  acres 
in  138  lakes  and  7  streams.   Cooperative  studies  were  conducted  with  the 
Bureau  of  Land  Management  to  determine  the  highest  possible  utilization  of 
the  fish  and  game  resources  in  proposed  multiple-use  area  classifications 
located  in  certain  areas.   The  study  investigated  fish  size  and  distribution 
in  38  lakes,  processed  recreation  and  public  purpose  applications  through 
BLM  for  three  sites  located  on  the  Alaska  peninsula  and  one  site  near 
Glenallen.   Grants  of  rights-of-way  obtained  from  private  landowners  will 
furnish  access  to  two  lakes  and  one  river. 

KEYWORDS:   Hunting  and  fishing,  use  statistics,  sites  and  facilities,  use 
projections,  access. 


15.  Bergstrand,  Jay  L. 

1968.  Investigations  of  public  fishing  access  requirements.  In 
Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division,  Annual 
report  of  progress,  1967-1968,  Federal  Aid  in  Fish  Restoration 
Project,  F-5-R-9:  Sport  Fish  Investigations  of  Alaska,  9:323-337. 
Juneau . 

KEYWORDS:   Hunting  and  fishing,  use  statistics,  sites  and  facilities,  access. 

16.  Bergstrand,  Jay  [L.],  and  Thomas  Nagata. 

1969.  Investigations  of  public  fishing  access  requirements.  In 
Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division,  Annual 
report  of  progress,  1968-1969,  Federal  Aid  in  Fish  Restoration 
Project  F-9-1:   Sport  Fish  Investigations  of  Alaska,  10:369-383. 
Juneau. 

KEYWORDS:   Hunting  and  fishing,  sites  and  facilities,  access,  use  statistics. 

17.  Bergstrand,  Jay  L.,  and  Edward  J.  Cramer. 

1966.   Investigations  of  Alaska's  public  fishing  access  requirements. 
In   Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division,  Annual 
report  of  progress,  1965-1966,  Federal  Aid  in  Fish  Restoration 
Project  F-5-R-7:   Sport  Fish  Investigations  of  Alaska,  7:249-296. 
Juneau. 

KEYWORDS:   Hunting  and  fishing,  use  statistics,  access,  sites  and  facilities. 

18.  Clawson,  Marion. 

1958.   Statistics  on  outdoor  recreation.   165  p.   Resour.  Future, 
Inc.,  Washington,  D.C. 

This  publication  contains  statistics  on  recreational  use  of  National 
Forests,  National  Parks  and  Monuments,  and  National  Wildlife  Refuges  in  the 
United  States.   Statistics  on  Alaska  are  included. 

KEYWORDS:   National  Parks  and  Monuments,  use  statistics,  use  projections. 
National  Forests,  research. 

19.  Cramer,  Edward  J.,  and  Jay  [L.]  Bergstrand. 

1965.   Investigations  of  public  fishing  access  requirements. 

In   Alaska  Department  of  Fish  and  Game,  Sport  Fish  Division,  Annual 
report  of  progress,  1964-1965,  Federal  Aid  in  Fish  Restoration 
Project  F-5-R-6:   Sport  Fish  Investigations  in  Alaska  [Dingell- 
Johnson  project  report],  6:321-356.   Juneau. 

KEYWORDS:   Hunting  and  fishing,  sites  and  facilities,  use  statistics,  access. 

20.  Elkins,  W.  A. 

1952.   Pressing  problems  in  administration  of  wildlife  resources  in 
Alaska.  In    Science  in  Alaska,  sel.  pap.  Natl.  Sci.  Conf.,  1950, 
p.  268-281. 

In  1952  there  were  three  major  human- related  problems  in  administering 
the  wildlife  resources  of  Alaska.   First,  transients  who  began  to  swell 
Alaska's  population  after  World  War  II  harbored  an  exploitive  rather  than 
conservative  attitude  toward  game,  which  increased  hunting  and  fishing 
pressure  around  areas  of  settlement.   Second,  much  of  the  Native  population 
of  Alaska  depended  on  wildlife  for  its  livelihood,  making  it  difficult  to 
enforce  regulations  designed  to  manage  the  wildlife  resource  according  to 
the  relatively  lower  demands  of  white  sportsmen.   Third,  many  commercial 
hunters  and  trappers  believed  that  Alaska's  wildlife  resource  was  inexhaust- 
ible and  that  conservation  was  unnecessary. 

KEYWORDS:   Administration,  fish  and  wildlife,  hunting  and  fishing,  management, 
laws  and  regulations,  research. 


21,  Harris,  Arland  S.,  0.  Keith  Hutchison,  William  R.  Meehan,  and  others. 

1974.  The  forest  ecosystem  of  southeast  Alaska.   1.   The  setting. 
U.S.  Dep.  Agric.  For.  Serv.,  Gen.  Tech.  Rep.  PNW-12,  40  p.,  illus. 
U.S.  Dep.  Agric.  For.  Serv.,  Pac.  Northwest  For.  and  Range  Exp. 
Stn.,  Portland,  Oreg. 

This  is  the  first  in  a  series  of  publications  summarizing  knowledge  of 
southeast  Alaska's  forest  resources,  published  to  provide  managers  and  users 
of  these  resources  with  the  most  complete  information  available  to  estimate 
the  consequences  of  various  management  practices.   This  report  describes  the 
physical,  biological,  and  socioeconomic  setting  of  southeast  Alaska  (including 
geography,  climate,  vegetation  types,  geology,  minerals,  forest  products, 
soils,  fish,  wildlife,  water,  recreation,  and  esthetic  values)  to  provide  a 
background  for  the  more  technical  reports  which  follow.   A  bibliography  is 
included. 

KEYWORDS:   Fisli  and  wildlife,  flora,  geology,  lakes  and  waterways.  National 
Forests,  Wilderness  and  Primitive  Areas,  wilderness  values, 
management,  scenery,  research. 

22.  Harrison,  Gordon  S. 

1975.  The  people  and  the  parks:   reactions  to  a  system  of  public 
transportation  in  Mt .  McKinley  National  Park,  Alaska.   J.  Leisure 
Res.  7(1):6-15. 

In  1972  the  National  Park  Service  greatly  restricted  the  use  of  private 
automobiles  in  Mount  McKinley  National  Park,  Alaska.   As  a  substitute  for 
private  transportation,  the  Park  Service  offered  free  bus  service  for  visitors. 
Also  for  the  first  time  in  1972,  the  Park  Service  required  that  visitors  have 
advance  reservations  for  campsites  in  the  five  campgrounds  located  well  inside 
the  Park. 


To  evaluate  the  impact  of  these  new  regulations,  the  Park  Service  con- 
tracted with  the  Institute  of  Social,  Economic  and  Government  Research  of 
the  University  of  Alaska  to  conduct  a  study  of  public  reaction  to  the  regu- 
lations.  Opinions  of  Park  visitors  were  surveyed  during  the  summer  months 
of  1972  (phase  I),  and  the  opinions  of  Alaska  residents  were  surveyed  during 
the  winter  of  1973  (phase  II). 

Phase  I  of  the  study  revealed  that  the  vast  majority  of  people  who 
visited  the  park  approved  of  the  new  transportation  policy.   Phase  II  of  the 
study  indicated  that  55  percent  of  the  459  individuals  returning  question- 
naires after  the  first  mailing  who  knew  about  the  new  transportation  policy 
approved  it;  35  percent  disapproved.   However,  of  the  much  smaller  number  of 
informed  people  who  returned  questionnaires  after  the  second  mailing  (37 
total)  44  percent  approved  and  49  percent  disapproved,  which  suggests  that 
the  resident  population  of  Alaskans  in  Anchorage  and  Fairbanks  may  divide 
nearly  50-50  on  their  opinion  of  the  new  policy. 

KEYWORDS:   National  Parks  and  Monuments,  access,  highways  and  roads,  research, 
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23.  Helmers,  Austin  E.,  and  Charles  T.  Cushwa. 

1973.   Research  opportunities  and  needs  in  the  taiga  of  Alaska.   U.S. 
Dep.  Agric.  For.  Serv.,  Gen.  Tech.  Rep.  PNW-2,  14  p.,  illus.   U.S. 
Dep.  Agric.  For.  Serv.,  Pac.  Northwest  For.  and  Range  Exp.  Stn., 
Portland,  Oreg. 

Taiga  (the  northern  forests  of  interior  Alaska)  research  opportunities 
and  needs  can  best  be  met  through  a  multidisciplinary  interagency  program. 
The  study  suggests  closer  coordination  among  several  departments  of  the 
University  of  Alaska  and  a  number  of  State  and  Federal  agencies  currently 
involved  in  applicable  research.   Taiga  environment  information  needs 
encompass  five  major  problem  areas:   ecology,  fire  effects,  water,  culture, 
and  economics. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  research. 

24.  Hinkson,  Charles  E. 

1964.  Traveler  profiles:  a  study  of  summer  travel  to  Alaska  during 
1963  and  1964.  [n.p.],  illus.  Alaska  Dep.  Econ.  Dev.  and  Plann., 
Juneau . 

This  report  presents  data  on  movement  and  characteristics  of  people 
traveling  in  Alaska  during  the  summers  of  1963  and  1964.   Two  types  of 
travelers  are  examined:   the  visitor  (traveling  primarily  for  reasons  other 
than  pleasure)  and  the  vacationer.   The  study  analyzes  modes  of  travel, 
origin,  destination,  expenditures,  length  of  stay,  party  size  and  composition, 
and  opinions  of  travelers.   Over  one-half  of  the  1964  summer  travelers  in 
Alaska  were  tourists  ("vacationers"),  one-third  were  Alaskans;  and  one-tenth 
were  nonresident  businessmen.   For  85  percent  of  the  vacationers,  it  was 
their  first  visit  to  the  State.   Seventy-five  percent  lived  west  of  the 
Mississippi,  and  25  percent  were  from  the  Great  Lakes  region.   Expenditures 
in  Alaska  by  vacationers  depended  on  their  mode  of  travel  and  averaged  $454. 
Vacationers  traveled  in  parties  averaging  2.7  people  and  stayed  in  Alaska 
an  average  of  10  days.   Travelers  reported  that  the  greatest  single  appeal 
of  Alaska  is  its  "scenic  beauty." 

KEYWORDS:   Tourism,  use  statistics,  access,  research. 

25.  Hok,  Jerome  R. 

1969.  A  reconnaissance  of  tractor  trails  and  related  phenomena  on 
the  North  Slope  of  Alaska.  68  p.,  illus.  U.S.  Dep.  Inter.  Bur. 
Land  Manage.,  Anchorage. 

On  the  basis  of  one  summer's  reconnaissance,  the  author  has  provided 
both  factual  information  and  a  primer  for  anyone  interested  in  the  tundra- 
permafrost  environment  of  the  North  Slope  of  Alaska  and  much  of  the  land 
surrounding  the  polar  basin.   The  report  emphasizes  the  long-lasting  effects 
of  the  movement  of  vehicles  across,  or  operations  in,  this  environment.   His 
illustrations  show  the  importance  and  interrelationship  of  season,  the  degree 
of  disturbance,  and  the  moisture  content  and  topography  and  their  effects  on 
erosion  of  the  North  Slope  of  Alaska.   The  report  is  illustrated  extensively 
with  evidentiary  black  and  white  photographs. 

KEYWORDS:   Highways  and  roads,  research. 
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26.  Kiely,  Vernon  R. ,  and  John  M.  Hilpert. 

1961.   Tourist  industry  in  Alaska.   240  p.,  illus.   Univ.  Alaska, 
College  [Fairbanks]. 

Suggestions  made  in  this  report  for  attracting  more  visitors  to  Alaska 
include  more  campsites,  employment  of  Alaskans  in  tourist  businesses,  more 
restaurants  serving  food  at  moderate  prices,  better  entertainment  for 
tourists,  and  improved  transportation  to  Alaska.   Results  of  the  survey 
conclude  that  68  percent  of  Alaska's  visitors  were  on  vacation,  more  than 
half  were  male,  average  length  of  stay  was  20  days,  $17  per  day  per  person 
was  spent,  and  47  percent  of  visitors  stayed  at  campsites.   The  report  also 
gives  a  detailed  discussion  and  analysis  of  visitor  facilities  at  several 
tourist  areas  in  Alaska. 

KEYWORDS:   Tourism,  sites  and  facilities,  use  statistics,  planning,  economic 
development . 

27.  Kiely,  Vernon  R. ,   and  John  M.  Hilpert. 

1963.   Alaska's  tourist  business.   4  p.   Small  Bus.  Adm . ,  Washington, 
D.C. 

This  booklet  is  an  abridged  version  of  the  1961  report  (26). 

KEYWORDS:   Tourism,  economic  development. 

28.  Mcllroy,  Carl  W. 

1972.   Effects  of  hunting  on  black  bears  in  Prince  William  Sound.   J. 
Wildl.  Manage.  36 (3) : 828- 837  . 

Hunting  pressure  on  the  black  bear  population  in  the  coastal  regions  of 
Alaska  has  been  increasing  steadily  since  the  early  1960's,  radiating  from 
the  immediate  area  of  Valdez  (Port  Valdez  and  Valdez  Arm)  into  more  remote, 
previously  unhunted,  surrounding  areas.   This  article  presents  study  data 
relating  area- specif ic  changes  in  hunting  pressure  to  changes  in  the  black 
bear  population  and  hunter  success  in  most  of  these  hunting  regions.   Harvest 
data  were  collected  between  1966  and  1969.   Approximations  of  abundance  of 
bears  in  the  area  were  based  on  the  number  of  bears  killed  and  the  number 
known  remaining  in  several  small  bay  areas;  changes  in  bear  population  were 
assessed  by  number,  age,  and  sex.   The  total  bear  harvest  in  the  region 
under  examination  increased  between  1962  and  1966  and  decreased  between 
1966  and  1969,  although  the  number  of  hunters  continued  to  increase  during 
both  periods.   The  author  assesses  factors  affecting  vulnerability  of  bears 
to  hunting:   environment,  hunting  techniques,  and  the  possibility  of  changing 
behavior  of  bears  due  to  hunting  pressure.   He  concludes  that  the  large 
harvests  of  bears  in  the  early  1960's  and  the  resulting  decreasing  abundance 
of  black  bears  account  for  the  decline  in  hunter  success  at  Port  Valdez  and 
Valdez  Arm  between  1966  and  1969.   Maps  illustrate  the  article;  tables  are 
included. 

KEYWORDS:   Fish  and  wildlife,  hunting  and  fishing,  research. 
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29.  Meehan,  William  R. 

1974.   The  forest  ecosystem  of  southeast  Alaska.   4.   Wildlife 
habitats.   U.S.  Dep .  Agric.  For.  Serv.,  Gen.  Tech.  Rep.  PNW-16, 
32  p.,  illus.   U.S.  Dep.  Agric.  For.  Serv.,  Pac .  Northwest  For. 
and  Range  Exp.  Stn.,  Portland,  Oreg. 

The  report  discusses  the  effects  of  logging  and  associated  activities 
on  the  habitat  of  the  major  forest  wildlife  species  in  southeast  Alaska  and 
summarizes  research  results  applicable  to  this  region.   The  two  main  habitat 
requirements  for  wildlife  are  food  and  cover.   Many  of  the  wildlife  species 
in  southeast  Alaska  utilize  mature,  old-growth  forests,  generally  for  cover. 
Some  of  the  fur  bearers  and  the  bald  eagle  use  the  beach  fringe  as  the  most 
important  part  of  their  territories.   Black-tailed  deer  use  the  beach  timber 
during  severe  winter  periods.   Mountain  goats  descend  from  their  summer 
alpine  habitat  to  timber  during  parts  of  the  winter.   Bears  seasonally  use 
the  timber  bordering  tidal  meadows,  beaches,  and  streams  for  cover.   In 
general,  for  maximum  wildlife  production,  small  patch  cuts  or  clearcut  strips 
with  blocks  or  strips  of  timber  left  between  them  appear  to  be  the  ideal 
pattern.   Timber  along  the  beach  and  adjacent  to  grass  flats  should  remain 
unlogged  and  of  a  sufficient  width  to  maintain  wintering  herds,  to  provide 
escape  cover  and  eagle  nesting  sites,  and  to  alleviate  the  possibilities  of 
blowdown.   For  the  foreseeable  future,  the  greatest  problem  in  forest-wildlife 
relationships  in  southeast  Alaska  is  correlation  of  timber  cutting  methods 
with  wildlife  production.   These  two  resources  must  be  managed  together  along 
with  water,  recreation,  esthetics,  and  other  forest-land  uses.   Detailed, 
specific  recommendations  are  made  for  further  research  needs  as  a  basis  for 
wildlife  management  in  southeast  Alaska. 

KEYWORDS:   Fish  and  wildlife,  research. 

30.  Murie,  Olaus  J. 

1952.   Planning  for  Alaska's  big  game.  In   Henry  Collins  (ed.), 
Science  in  Alaska,  1950,  sel.  pap.  1st  Annu.  Sci.  Conf.  Proc., 
p.  258-267.   Alaska  Div.  Am.  Assoc.  Adv.  Sci.,  Juneau. 

Growth  in  populations  of  humans  and  wolves  has  resulted  in  a  decrease 
in  the  number  of  moose,  caribou,  mountain  sheep,  and  other  big-game  species. 
However,  in  some  cases  an  increase  that  might  be  due  to  a  natural  "rotation" 
or  population  cycle  follows  a  decrease.   This  might  be  the  result  of  a 
wearing  out  of  traditional  forage  areas  and  their  subsequent  regeneration 
after  a  decrease  in  their  use.   Management  should  base  wildlife  planning  on 
zones,  to  insure  that  one  species  does  not  compete  with  another  for  food. 
Wildlife  zones  reserved  for  preservation  of  a  game  species  could  also  be 
used  for  other  activities,  such  as  wilderness  recreation.   The  State  of 
Alaska  must  undertake  extensive  land-use  planning  to  preserve  its  big-game 
resources,  using  the  successes  and  failures  of  wildlife  management  planning 
in  the  continental  United  States  as  one  of  its  guidelines.   Wildlife  manage- 
ment planning  for  Alaska  must  be  multidisciplinary  and  based  on  sound 
ecological  laws.   The  author  stresses  this  principle  throughout  his  article: 
"Wildlife  planning  for  Alaska  is  part  of  a  wider  endeavor." 

KEYWORDS:   Wildlife  refuges  and  ranges,  fish  and  wildlife,  wilderness  values. 
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31.  Murphy,  R.  S. 

1970.  Water  quality  requirements  in  Alaska  campgrounds  with  projec- 
tions of  recreation  demands  and  benefit/cost  analysis  for  site 
selection.   [n.p.]   Univ.  Alaska  Sch.  Eng .  ,  College  [Fairbanks]. 

Alaska's  outdoor  recreation  resources  represent  a  major  income-producing 
sector  of  the  State.   To  a  large  extent  Alaska's  further  growth  appears 
restricted  by  insufficient  and  inadequate  campgrounds.   Existing  camping 
facilities  have  not  been  examined  thoroughly  in  terms  of  water  quality  prob- 
lems, and  the  role  of  water  in  benefit/cost  analysis  in  evaluating  recreation 
in  Alaska  barely  has  been  touched.   The  product  of  such  a  study  would  provide 
important  information  which  would  aid  directly  in  the  programing  of  new 
recreation  sites. 

KEYWORDS:   Sites  and  facilities,  economic  analysis,  camping,  lakes  and 

waterways . 

32.  Reeve,  Stephen  M. 

1971.  An  ecological  approach  to  land  use  planning  on  the  Kenai 
Peninsula,  Alaska.   M.A.  thesis,  Univ.  Alaska,  Fairbanks.   53  p., 
illus . 

Recent  years  have  witnessed  a  great  acceleration  of  demands  on  the 
Kenai  Peninsula  environment,  resulting  in  numerous  conflicts  in  land  and 
resource  utilization.   On  the  peninsula,  perhaps  more  than  in  any  other 
region  of  Alaska,  the  forests,  wildlife,  water  resources,  recreation  lands, 
tidelands,  petroleum  development,  and  urbanization  constitute  a  set  of 
interrelated  problems.   Current  planning  efforts  fail  to  consider  this 
systemic  character  of  the  region's  resources,  and  little  information  exists 
describing  the  ecology  or  physical  conditions  that  would  allow  judicious 
management  of  the  Kenai  Peninsula  environs.   A  key  objective  in  this  paper 
is  to  set  forth  a  methodology  for  planning  the  region's  environment  in  a 
manner  that  treats  individual  physical  and  biotic  resources  as  parts  of  a 
process  that  becomes  the  basis  for  land  and  resource  use  decisions.   The 
study  is  illustrated  with  numerous  full-color  photographs  and  maps. 

KEYWORDS:   Research,  Kenai  Peninsula,  land-use  planning,  planning,  management. 

33.  Rich,  Pamela  E.,  and  Arlon  R.  Tussing. 

1973.   The  National  Park  System  in  Alaska:  an  economic  impact  study. 
88  p.,  illus.   Univ.  Alaska  Inst.  Soc.,  Econ.,  and  Gov.  Res., 
College  [Fairbanks]. 

This  study  evaluates  the  economic  importance  of  the  Park  System  to 
Alaska.   Visitor  expenditures  and  Federal  outlays  for  the  four  areas  (Mount 
McKinley,  Glacier  Bay,  Katmai,  and  Sitka)  are  examined.   Of  the  $45  million 
spent  by  tourists  in  Alaska  in  1971,  $29  million  was  spent  visiting  one  or 
more  of  the  National  Parks  or  Monuments.   This  represents  64  percent  of  total 
tourist  expenditures  that  year.   The  report  discusses  factors  limiting 
economic  contributions.   Accessibility,  patterns  of  expenditures,  and  the 
impact  of  expenditures  and  future  projections  are  analyzed.   Use  patterns 
and  investments  in  the  park  areas  are  described  with  photographs,  maps, 
tables,  and  references. 

KEYWORDS:   Tourism,  sites  and  facilities,  use  statistics.  National  Parks 
and  Monuments,  economic  analysis. 


14 


34.   Sommerville ,  Ronald  J. 

1967.   Land  evaluation.   Alaska  Div.  Game,  vol.  8,  Annu.  Proj . 

Segment  Rep.,  Fed.  Aid.  Wildl.  Restoration,  Proj.  W-5-C-8,  Lands, 
22  p.   Juneau. 

KEYWORDS:   Land-use  planning,  land  classification,  hunting  and  fishing,  fish 
and  wildlife. 

55.   Stanton,  William  J. 

1953.   Analysis  of  Alaska  travel.   Vol.  2  of  Part  1,  economics, 
Alaska  recreation  survey.   127  p.,  illus.   U.S.  Dep.  Inter.  Natl. 
Park  Serv. 

This  report  is  the  second  in  the  economic  series  of  the  Alaska  recrea- 
tion survey.   The  results  and  contents  are  similar  to  "Analysis  of  passenger 
travel  to  Alaska  with  special  reference  to  tourism"  (36).   "It  is  essential 
to  preserve  the  unique  characteristic  of  the  country  which  causes  people  to 
want  to  go  there  in  the  first  place."   The  report  focuses  closely  on  the  1952 
tourist  season,  with  emphasis  on  an  analysis  of  particular  tourist  groups, 
their  interests,  characteristics,  and  modes  of  travel. 

KEYWORDS:   Tourism,  use  statistics,  sites  and  facilities,  wilderness  values, 
access . 

36.  Stanton,  William  J. 

1953.  Analysis  of  passenger  travel  to  Alaska  with  special  reference 
to  tourism.  96  p.,  illus.  Univ.  Wash.  Coll.  Bus.  Adm.,  Bur.  Bus. 
Res .  ,  Seattle . 

This  analysis  is  one  of  the  first  successful  efforts  to  measure  visitor 
travel  to  Alaska.   The  report  presents  and  analyzes  the  findings  from  a 
survey  conducted  during  the  summer  of  1952.   The  author  analyzes  passenger 
travel  in  general  and  tourist  travel  specifically  and  discusses  and  summarizes 
the  methods  he  used.   Of  30,000  people  who  entered  Alaska,  53  percent  traveled 
by  air,  19  percent  by  sea,  and  28  percent  by  highway.   Of  the  65,000  people 
who  departed  from  Alaska  during  the  summer  of  1952,  80  percent  were  nonresi- 
dents, 44  percent  were  from  the  Pacific  coast  of  the  United  States,  and  91 
percent  were  making  their  first  trip  to  Alaska.   Dollar  volume  was  over 
6.3  mill  ion . 

KEYWORDS:   Highways  and  roads,  access,  tourism,  use  statistics. 

37.  Stanton,  William  J. 

1953.  Economic  aspects  of  recreation  in  Alaska.  Vol.  1  of  Part  1, 
Alaska  recreation  survey.  191  p.,  illus.  U.S.  Dep.  Inter.  Natl. 
Park  Serv. 

This  report  is  the  first  of  a  series  resulting  from  the  Alaska  recrea- 
tion survey.   It  documents  the  nature  of  the  recreation  resources  of  Alaska 
and  indicates  the  economic  importance  of  recreation  to  Alaska.   It  includes  a 
field  survey  of  human  and  natural  resources,  as  well  as  an  extensive  study 
of  the  tourist  industry,  including  an  inventory  of  attractions,  accommoda- 
tions, and  facilities.   It  is  considered  a  pioneer  report  on  the  recreation 
economics  of  Alaska. 

KEYWORDS:   Tourism,  sites  and  facilities,  highways  and  roads,  recreation 
inventories,  economic  development,  economic  analysis.  National 
Parks  and  Monuments. 


15 


38.  Steinhoff,  Harold  W. 

1969.   Values  of  wildlife  and  related  recreation  on  the  Kenai 
National  Moose  Range.   33  p.   Univ.  Alaska,  Alaska  Coop.  Wildl. 
Res.  Unit,  College  [Fairbanks]. 

KEYWORDS:   Kenai  Peninsula,  economic  analysis,  research,  wildlife  refuges 
and  ranges. 

39.  U.S.  Outdoor  Recreation  Resources  Review  Commission. 

1962.   Alaska  outdoor  recreation  potential.   ORRRC  Stud.  Rep.  9, 
63  p.,  illus.   Gov.  Print.  Off.,  Washington,  D.C. 

The  major  task  of  the  study  was  to  summarize  factors  and  points  of  view 
that  had  dominated  public  actions  and  to  analyze  changes  in  public  action 
that  appeared  to  be  desirable,  in  the  light  of  new  knowledge  and  new  condi- 
tions.  The  report  contains  a  general  description  of  the  three  major  regions 
of  Alaska,  recreation  resources  surveys,  and  recreation  potential,  followed 
by  data  illustrating  major  economic,  political,  and  technological  changes 
that  had  affected  recent  recreational  development  in  Alaska.   Nine  specific 
problem  areas  and  recommended  solutions  are  discussed:   State  recreation 
coordinators,  separation  of  recreation  functions  at  the  State  level,  new 
regional  office  of  the  National  Park  Service,  recreation  on  the  public  domain, 
fire  control  and  the  management  of  recreation  potential,  wildlife  preserva- 
tion, local  recreation  in  Alaska,  reservation  of  shorelines  for  public 
recreation,  and  climatic  criteria  for  recreation  planning. 

KEYWORDS:   Planning,  management,  land  classification. 

40.  University  of  Alaska,  Institute  of  Water  Resources  Research. 

[n.d.]   An  investigation  of  the  water  recreation  potential  of  the 
lakes  and  rivers  of  the  upper  Alaska  peninsula,  southwest  Alaska. 
15  p.,  illus.   Univ.  Alaska  Inst.  Water  Resour.  Res.,  College 
[ Fairbanks ]  . 

KEYWORDS:   Sites  and  facilities,  hunting  and  fishing,  boating,  lakes  and 
waterways,  use  projections,  research. 

41.  Watt,  [Richard]  Darrell. 

1964.   Fairbanks  residents  and  outdoor  recreation  in  interior  Alaska. 
In    George  Dahlgren  (ed.),  Science  in  Alaska,  1964.   15th  Alaskan 
Sci.  Conf.  Proc,  11  p. 

From  a  systematic  sampling  of  5  percent  of  the  households  in  Fairbanks, 
each  household  expended  an  average  of  $196  and  12.5  days  annually  for  outdoor 
recreation  (hunting,  fishing,  skiing,  boating,  and  camping).   Newcomers  to 
Alaska  felt  restricted  in  their  outdoor  recreation  activities  by  the  great 
expense  of  access  to  recreation  areas,  licenses,  equipment,  and  some  of  the 
unfamiliar,  unique  features  of  the  Alaskan  landscape  (distance,  climate, 
etc.).   The  households  felt  the  Fairbanks  vicinity  needed  more  overnight 
camping  facilities  and  better  access  to  lakes  and  streams;  26  percent 
thought  the  facilities  available  were  the  best  in  the  United  States 
(especially  those  who  viewed  isolation  as  a  resource  in  itself);  and  67.7 
percent  said  that  Alaska  had  greater  outdoor  recreation  potential  than  any 
other  State.   Tables  support  the  narrative  portion  of  this  report. 

KEYWORDS:   Use  statistics. 
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42.  Watt,  Richard  Darrell. 

1966.   The  recreational  potential  of  the  Arctic  National  Wildlife 
Range.   M.S.  thesis,  Univ.  Alaska,  Coll.  Biol.  Sci.  and  Renewable 
Resour.,  College  [Fairbanks].   103  p.,  illus. 

Potential  opportunities  exist  in  the  Arctic  National  Wildlife  Range  for 
activities  such  as  hiking,  backpacking,  canoeing,  mountain  climbing,  photog- 
raphy, hunting,  and  fishing.   Returned  questionnaires  from  hiking  clubs 
revealed  that  18  percent  of  respondents  would  be  willing  to  spend  about  $200 
per  person  to  visit  the  Range  from  Fairbanks.   It  is  estimated  that  tourism 
and  recreation  in  the  Range  will  not  be  a  vital  State  economic  force  but  that 
the  Range  is  important  as  a  symbol  of  Alaskan  wilderness.   The  author  makes 
some  recommendations  concerning  land  use  and  land-use  planning  on  the  Range. 

KEYWORDS:   Fish  and  wildlife,  hunting  and  fishing,  sites  and  facilities. 

43.  White,  Gregory  K. ,  and  Wayne  C.  Thomas. 

1973.   A  method  for  establishing  outdoor  recreation  project  priori- 
ties in  Alaska.   70  p.,  illus.   Univ.  Alaska  Inst.  Agric.  Sci., 
Fairbanks . 

The  objectives  of  this  study  are  to  define  public  benefits  of  outdoor 
recreation  and  to  develop  a  priority  ranking  method  for  proposed  outdoor 
recreation  projects.   The  study  reviews  various  methods  of  analysis  which 
have  been  used  to  estimate  the  value  of  recreational  benefits.   The  proposed 
priority  ranking  method  is  based  on  a  modification  of  benefit-cost  analysis 
and  is  called  the  service-potential/cost  ratio.   It  measures  the  potential 
ability  of  an  outdoor  recreation  project  to  generate  public  benefits  per 
dollar  cost  of  the  project.   Although  the  problem  of  how  to  allocate 
resources  between  recreation  and  other  sectors  of  the  economy  has  not  been 
solved,  the  study  attempts  to  provide  a  method  for  allocating  to  projects 
recreational  funds  that  will  return  to  the  public  the  greatest  benefit  flow 
per  dollar  of  cost. 

KEYWORDS:   Planning,  economic  analysis,  administration. 
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A.   STUDIES,  SURVEYS,  AND  REPORTS 

44.  Advisory  Committee  on  Land  Use,  and  Subcommittees  to  the  Alaska 
Planning  Council. 

1938.   Land  use  in  Alaska:   A  preliminary  report.   97  p.   Advis. 
Comm.  Land  Use,  and  Subcomm.  Alaska  Plann.  Counc . 

As  an  initial  step  in  land-use  planning,  the  committee  has  outlined 
the  nature  and  scope  of  a  preliminary  land  classification  program  for  the 
Territory  of  Alaska.   The  Territory  is  divided  for  this  purpose  into  six 
regions.   In  addition  to  this  general  land  classification  program,  the 
committee  has  made  a  preliminary  study  of  some  problems  relating  to  those 
specific  types  of  public  lands  for  which  Federal  or  Territorial  legislation 
has  been  enacted  in  the  past,  including  school  land,  tidelands,  escheated 
lands,  homesteads,  grazing  lands,  National  Parks  and  Monuments,  and  Indian 
allotments.   Coal,  oil,  and  other  mineral  lands  are  not  within  the  scope  of 
the  report. 

KEYWORDS:   Land-use  planning  land  classification. 

45.  Alaska  Department  of  Economic  Development,  Division  of  Economic 
Enterprise . 

1975.   A  performance  report  of  the  Alaskan  economy:   1974  year-end 
review  of  projections  to  1980.   Alaska  Dep.  Econ.  Dev.  Div.  Econ. 
Enterp.  3(l):l-32,  illus.   Juneau. 

Page  12  contains  growth  projections  for  the  tourist  industry  through 
1980.   Pages  24-25  describe  the  current  situation  of  the  tourist  industry. 
Growth  of  tourism  in  Alaska  is  expected  to  slow  somewhat  from  1974  to  1980 
due  to  the  general  economic  uncertainty  in  the  U.S.   Nonetheless  it  should 
sustain  a  rate  of  10  percent,  increasing  the  number  of  annual  tourists  to 
425,000  during  1980.   Airline  and  cruiseship  travel  is  expected  to  increase 
in  relation  to  highway  travel.   The  historical  annual  average  increase  in 
tourist  traffic  to  Alaska  has  been  about  15  percent;  the  1974  season  had  an 
estimated  11-percent  increase.   Resident  tourism  is  up,  probably  due  to 
"pipeline  prosperity."   Graphs  are  included. 

KEYWORDS:   Tourism,  access,  economic  development,  use  statistics,  use 
proj  ections . 

46.  Alaska  Department  of  Labor,  Employment  Security  Division. 

1974.   Tourism:   A  growth  industry.   Alaska  Econ.  Trends  (May  1974), 
7  p. 

Report  includes  statistics  on  tourist  use  trends  and  is  illustrated 
with  charts  and  graphs.  Tables  are  included.  The  narrative  presents  an 
overview  of  the  tourist  situation  in  Alaska. 

KEYWORDS:   Tourism,  use  statistics,  use  projections,  economic  development. 
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47.  Alaska  Division  of  Lands. 

1970.   Alaska  Division  of  Lands,  1970  annual  report.   63  p.,  illus. 
Alaska  Div.  Lands,  Juneau. 

Major  events  that  affected  the  State  Park  System  during  1970  include 
passage  by  the  legislature  and  subsequent  approval  by  the  voters  of  a  $2.3 
million  bond  issue  for  construction  of  outdoor  recreation  facilities.   This, 
together  with  Federal  matching  funds,  will  provide  approximately  a  $5  million 
program  of  development  for  the  State  Park  System.   The  legislature  estab- 
lished the  first  State  park,  increasing  the  acreage  in  the  State  Park 
System  by  2,500  percent.   The  Parks  and  Recreation  Section  was  elevated  to 
Division  status  within  the  Alaska  Department  of  Natural  Resources.   The 
master  plan  study  for  the  Keystone  Canyon  State  Park  was  completed,  as  was 
that  for  the  Captain  Cook  Recreation  Area.   The  establishment  of  the  Denali 
State  Park  and  the  Chugach  State  Park  brought  the  total  acreage  within  the 
State  Park  System  to  nearly  a  million  acres.   Site  plans  were  completed  for 
the  Salcha  River  Wayside  and  the  South  Roily  Lake  Campground.   The  first  5 
miles  of  road  within  the  Nancy  Lake  Recreation  Area  were  completed,  as  weie 
tfie  Clam  Gulch  Wayside  and  Harding  Lake  Recreation  Areas.   The  report  is 
illustrated  with  photographs,  maps,  charts,  and  tables. 

KEYWORDS:   State  parks,  administration,  planning,  sites  and  facilities. 

48.  Alaska  Division  of  Parks. 

1970.  1970  visitation  to  the  Alaska  State  Park  System.   6  p.   Alaska 
Div.  Parks,  Anchorage. 

KEYWORDS:   Use  statistics.  State  parks. 

49.  Alaska  Division  of  Parks. 

1971.  Alaska  outdoor  recreation  and  historic  preservation  report: 

1971.  117  p.,  illus.   Alaska  Div.  Parks,  Anchorage. 

This  report  contains  statistics  on  Alaska's  recreation  areas  and  visi- 
tation rates;  revenue  and  expenditures  of  Federal,  State,  and  local  park 
agencies  during  the  fiscal  year;  a  summary  of  acquisitions  and  development 
projects;  5-year  schedules  of  acquisition  and  development  on  Federal,  State, 
and  local  levels;  a  list  of  projected  surplus  or  deficits  of  space  and 
facilities  by  1975  under  the  categories:   community  recreation,  space,  out- 
door game  areas,  picnic  facilities,  campgrounds,  trails,  swimming  beaches, 
boat  launching  ramps,  and  float  moorages.   It  also  contains  a  review  of 
historic  preservation  planning  in  Alaska,  with  future  plans.   Finally,  a 
section  is  devoted  to  recreational  and  environmental  accomplishments  other 
than  acquisiton  and  development:   Plans  for  implementing  recreation  and 
environment  programs,  legislation,  and  other  programs.   Maps,  charts,  and 
tables  comprise  the  bulk  of  the  study. 

KEYWORDS:   Sites  and  facilities,  use  statistics,  use  projections,  administra- 
tion, management,  State  parks,  planning. 

50.  Alaska  Division  of  Parks. 

1971.  Alaska  State  Park  System:   visitation  estimates,  fiscal  year 

1972.  6  p.,  illus.   Alaska  Div.  Parks,  Anchorage. 

KEYWORDS:   Use  statistics.  State  parks. 

51.  Alaska  Division  of  Parks. 

1972.  Alaska  outdoor  recreation,  historic  preservation,  1972. 
203  p.,  illus.   Alaska  Div.  Parks,  Anchorage. 

KEYWORDS:   State  parks,  sites  and  facilities,  administration,  management. 
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52.  Alaska  Division  of  Parks. 

1973.  Summary  of  visitation:   1973.   6  p.   Alaska  Div.  Parks, 
Anchorage . 

KEYWORDS:   Use  statistics,  State  parks. 

53.  Alaska  Division  of  Parks. 

[n.d.]   Alaska  outdoor  recreation  news.   (Bi-monthly  newsletter.) 
Varying  pages,  illus.   Alaska  Div.  Parks,  Anchorage. 

KEYWORDS:   Administration,  sites  and  facilities,  management. 

54.  Alaska  Division  of  Parks,  Office  of  Statewide  Cultural  Programs. 

1974.  Lower  Copper  and  Chitina  Rivers:   an  historic  resource  study. 
Hist.  Archeol.  Ser.  No.  5,  Misc.  Publ.,  46  p.,  illus. 

The  purpose  of  this  study  is  to  provide  the  Alaska  Department  of 
Highways  with  information  on  which  to  base  decisions  regarding  preservation 
and  management  of  cultural  values  within  the  rights-of-way  for  the  Copper 
River  Highway  and  the  Chitina-McCarthy  Road.   The  study  includes  a  summary 
of  the  known  prehistory  and  history  of  the  area  under  investigation;  an 
account  of  preservation  actions  taken  to  date  in  the  region;  an  inventory 
of  identified  archeological  and  historical  features,  including  some  not 
within  the  rights-of-way  for  which  the  Department  of  Highways  may  wish  to 
encourage  preservation  and  interpretation  by  cooperator  groups  such  as  local 
historical  societies  and  cultural  organizations;  and  recommended  preservation 
philosophy,  on  which   are  based  proposals  for  recordation,  salvage, 
preservation,  and  interpretation  of  significant  features.   The  study  does 
not  include  sites  that  might  be  used  to  interpret  natural  history.   The 
report  contains  maps,  photos,  and  a  4-page  section  of  bibliographic 
references . 

KEYWORDS:   Historical  and  cultural  heritage. 

55.  Alaska  Division  of  Policy  Development  and  Planning. 

1975.  Alaska  tourism  in  the  bush.   47  p.   Alaska  Div.  Policy  Dev. 
and  Plann.,  Juneau. 

KEYWORDS:   Tourism. 

56.  Alaska  Environmental  Group. 

1974.   Hatcher  Pass  study  area.   45  p.,  illus.   Alaska  Div.  Parks, 
Anchorage. 

The  purpose  of  this  study  was  to  prepare  a  long-range  master  plan  for 
future  development  of  a  recreation  area  encompassing  the  former  mining  area 
in  the  Talkeetna  Mountains  known  as  Hatcher  Pass.   The  report  provides  a 
summary  of  the  planning  effort  undertaken  for  the  State  to  assist  in  decid- 
ing the  ultimate  development  and  use  of  the  Hatcher  Pass  study  area.   The 
material  is  presented  in  three  sections:   an  inventory  of  the  natural  and 
cultural  environment  of  the  study  area;  a  summary  of  the  recommended  uses  of 
its  lands,  waters,  and  other  recreation  resources;  and  guidelines  for  imple- 
mentation of  the  recommended  plan.   The  report  is  illustrated  with  full- 
color  maps  and  black-and-white  photos. 

KEYWORDS:   Planning,  State  parks,  sites  and  facilities. 
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57.  Alaska  Outdoor  Recreation  Institute. 

1968.   Selected  proceedings  of  the  18th  annual  conference,  1968. 
Alaska  Outdoor  Recreation  Institute,  vol.  3.   28  p.   Alaska 
Munic.  League,  Juneau. 
Five  speakers  discuss  the  contributions  of  the  agencies  they  represent-- 
the  National  Association  of  Counties,  the  U.S.  Bureau  of  Outdoor  Recreation, 
Cresap,  McCormick  and  Paget  (a  private  consulting  firm),  the  National 
Recreation  and  Park  Association,  and  the  State  of  Alaska--to  the  overall 
development  and  maintenance  of  Alaska's  recreation  resources. 

KEYWORDS:   State  parks,  planning,  management,  administration. 
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1973.   Alaska  State  Legislative  Interim  Committee  on  Tourism.   19  p., 
illus.   Alaska  Visitors  Assoc.,  Inc.,  Anchorage.   [November  29 
and  30,  1973,  Anchorage.] 
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59.  Allen,  Roger  W. 

1961.   The  need  for  recreation  lands  in  Alaska.  In    George  Dahlgren 
(ed.).  Science  in  Alaska,  1961.   12th  Alaskan  Sci.  Conf.  Proc., 
p.  111-113. 

Alaska's  natural  scenic  beauty  could  make  tourism  the  major  force  for 
economic  progress  in  the  State.   Selection  and  classification  of  public  lands 
for  recreation  should  begin  immediately. 

KEYWORDS:   Tourism,  economic  development. 

60.  Alman,  R.  K. 

1967.  Development  plan  report:   Eagle  Trail  Wayside.   11  p.   Alaska 
Div.  Lands,  Branch  Parks  and  Recreation. 

KEYWORDS:   Planning,  trails  and  hiking,  sites  and  facilities. 

61.  Blum,  Joseph  R. 

1968.  Land  evaluation.  Alaska  Dep.  Fish  and  Game,  vol.  9,  Annu. 
Proj .  Segment  Rep.,  Fed.  Aid  Wildl.  Restoration,  Proj .  W-5-C-9, 
Lands,  63  p.   Juneau. 

The  objects  of  the  project  are  to  identify  specific  key  game  areas;  to 
submit  recommendations  for  the  orderly  selection,  classification,  or  purchase 
of  specific  lands  for  public  hunting  access  and  use;  and  to  assist  in 
statewide  land-use  planning  to  assure  consideration  of  fish  and  wildlife 
values.   The  report  covers  the  period  July  1,  1967,  to  June  30,  1968. 

KEYWORDS:   Land  classification,  land-use  planning,  hunting  and  fishing,  fish 
wildlife,  research. 

62.  Blum,  Joseph  R. 

1970.  Report  of  survey- inventory  activities:  land  evaluation. 
Alaska  Div.  Game,  vol.  10,  Annu.  Proj.  Segment  Rep.,  Fed.  Aid 
Wildl.  Restoration,  Proj.  W-5-C-1;  W-17-2,  25  p.   Juneau. 

The  report  covers  the  period  from  July  1,  1968,  to  December  31,  1969. 
Statewide  activities  centered  on  land-use  planning.   The  study  team  worked 
extensively  with  the  U.S.  Bureau  of  Land  Management  on  their  classification 
programs,  as  well  as  with  the  U.S.  Forest  Service  and  National  Park  Service. 
On  the  State  level,  most  activities  centered  around  development  of  oil,  gas, 
and  timber  resources  on  State  land. 

KEYWORDS:   Land  classification,  land-use  planning,  research. 
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63.  Bowers,  John  F. 

1958.   The  public  recreation  areas  program  in  Alaska.  In    Science  in 

Alaska.  9th  Alaskan  Sci.  Conf.  Proc,  p.  52.   [College  [Fairbanks], 
Alaska. ] 

This  report  is  a  general  summary  of  the  current  activities  and  accom- 
plishments of  public  agencies  involved  in  the  planning,  development,  and 
maintenance  of  outdoor  recreation  programs  in  Alaska. 

KEYWORDS:   Administration,  planning,  management. 

64.  Bowman,  Wallace. 

1962.   A  plan  for  developing  Alaska's  recreation  and  tourist  poten- 
tial. In    Science  in  Alaska,  1962.   13th  Alaskan  Sci.  Conf.  Proc, 
p.  56-68. 

Alaska's  recreational  endowments  must  reflect  human  needs  before  they 
may  be  called  resources .   The  author  discusses  the  success  and  failure  of 
recent  development  plans  in  light  of  this  statement.   The  outcome  of  the 
publication  of  a  1962  Rockefeller  Commission  report  on  the  subject  was  the 
formation  of  the  Federal  Bureau  of  Outdoor  Recreation  and  the  drafting  of 
a  Federal  act  which,  if  passed,  would  provide  funds  for  a  grant  program. 
Still,  the  burden  of  development  will  be  on  the  State,  and  the  weakest  link 
in  the  Alaska  recreation  development  situation  is  the  lack  of  organized  and 
articulate  groups  supporting  the  concept  of  development  and  planning  at  the 
State  level. 

KEYWORDS:   Tourism,  State  parks,  planning. 

65.  Brent,  Stephen  M. ,  and  Robert  M.  Goldberg  (eds.). 

1970.   Recreation.  In   Alaska  survey  and  report:   1970-71,  p.  421-430, 
illus.   Res.  Inst.  Alaska,  and  Anchorage  Daily  News. 

This  section  of  the  "Alaska  Survey  and  Report"  inventories  the  major 
species  of  Alaskan  game  and  fish,  suggests  the  best  places  to  find  them, 
and  outlines  regulations  pertaining  to  hunting  and  fishing.   Also  included 
is  a  list  of  campgrounds  and  facilities  in  Alaska,  prepared  by  the  Alaska 
State  Travel  Division. 

KEYWORDS:   Recreation  inventories,  hunting  and  fishing,  fish  and  wildlife, 
laws  and  regulations,  sites  and  facilities. 
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1970.   Tourism.  In   Alaska  survey  and  report:  1970-71,  p.  189-193, 
illus.   Res.  Inst.  Alaska,  and  Anchorage  Daily  News. 

The  tourist  industry  has  greater  potential  for  creating  jobs  for 
Alaskans  than  any  other,  including  the  oil  industry.   Lack  of  suitable 
accommodations  at  Mount  McKinley  National  Park  and  the  economic  disadvantages 
of  constructing  large,  high-quality  tourist  facilities  for  an  annual  season 
lasting  only  4  months  can  be  expected  to  hinder  the  growth  of  Alaskan  tourism 
in  the  future.   The  Alaska  Highway  and  the  Marine  Highway  bear  60  percent  of 
the  total  tourist  traffic.   Air  traffic  has  increased  at  an  annual  rate  of  16 
percent  in  recent  years.   Charts  and  tables  are  included  in  this  section. 

KEYWORDS:   Tourism,  use  statistics,  economic  development,  access,  use 
proj  ections . 
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67.   Cameron,  John,  Robert  Marshall,  and  Paul  W.  Gordon. 

1937.   Recreational  resources  and  facilities.  In    Regional  planning, 
Part  VII--Alaska,  Its  resources  and  development.   p.  127-144, 
illus.   Nat.  Resour.  Comm. ,  Alaska  Resour.  Comm. ,  Washington,  D.C. 


Utilization  of  Alaska's  recreational  resources  by  outsiders  is  limited 
because  of  financial,  geographical,  and  climatological  impediments  to  easy 
access  and  use.   Tourism  and  recreational  use  can  be  expected  to  increase 
in  the  future,  however,  with  judicious  development  of  resources.   Great  care 
must  be  taken  to  insure  against  degradation  of  Alaska's  primitive  and 
wilderness  values  as  it  develops  these  resources.   The  authors  present  a 
narrative  survey  of  Alaska's  natural  recreational  resources,  such  as 
mountains,  volcanoes,  glaciers,  hot  springs,  wildlife,  game  fish,  wat 
and  forests.   They  describe  recreational  facilities  including  Nationa 
and  Monuments,  National  Forests,  and  Wildlife  Refuges.   The  report  as 
existing  and  projected  problems  in  the  development  of  a  viable  recrea 
program  for  the  Territory  and  recommends  specific  solutions  to  each. 
Recommendations  cover  the  establishment  of  a  Federal  planning  authori 
Alaska  to  formulate  an  integrated  policy  for  the  conservation  and  dev 
ment  of  all  public  lands,  including  those  suitable  for  recreation;  pr 
for  more  adequate  transportation  and  other  tourist  accommodations;  en 
ment  of  the  existing  recreational  area  system;  provision  for  adequate 
protection  of  the  existing  recreational  area  system,  and  the  general 
conservation  of  natural  resources.   This  classic  report  contains  most 
the  ideas  that  were  to  become  the  basis  of  much  of  the  subsequent  con 
tionist  sentiment  characteristic  of  one  school  of  thought  on  resource 
development  planning  in  Alaska. 

KEYWORDS:   Planning,  sites  and  facilities,  Wilderness  and  Primitive  Areas, 
wilderness  values. 
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68.   Collins,  George  L. 

1953.   A  survey  of  the  recreation  resources  of  Alaska.  In    Science 
in  Alaska,  1951.   2nd  Annu.  Alaskan  Sci.  Conf.  Proc . ,  p.  201-208, 

The  article  contains  a  summary  of  subjects  considered  by  the  National 
Park  Service  in  preparing  a  survey  of  Alaska's  recreation  resources. 
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69.  Cresap,  McCormick  and  Paget. 

1968.  A  program  for  increasing  the  contribution  of  tourism  to  the 
Alaskan  economy.  201  p.,  illus.  U.S.  Dep.  Commer.,  Washington, 
D.C. 

The  purpose  of  this  study  and  proposal  is  to  exploit  Alaska's  recrea- 
tional resources  to  the  fullest  possible  extent,  in  view  of  the  study  team's 
findings  that  tourism  could  become  the  third  most  important  industry  in  the 
State.   The  bulk  of  the  report  is  an  exhaustive  narrative  survey  of  the 
existing  tourist  situation.   The  high  cost  of  transportation,  shortage  of 
overnight  accommodations,  and  the  lack  of  a  well-developed  promotional 
program  hinder  the  development  of  the  tourist  industry;  despite  these 
handicaps,  in  1967,  87,000  tourists  visited  the  State,  spending  $29  million. 
In  terms  of  toal  wages,  tourism  ranks  fourth- -after  wood  products,  food 
processing,  and  petroleum.   If  properly  developed,  Alaska's  tourist  volume 
could  grow  at  the  rate  of  10  percent  per  year.   Such  growth  would  result  in 
a  yearly  tourist  visitation  by  1975  of  186,000.   Expenditures  could  exceed 
$75  million.   This  could  generate  3,900  jobs  with  wages  totaling  nearly 
$28  million.   Proposed  basic  strategy  for  insuring  continued  growth  is 
(1)  to  increase  the  capacity  of  Alaska's  tourist  industry  and  (2)  to  attract 
more  tourists  to  Alaska.   The  proposal  suggests  specific  measures  to 
accomplish  these  goals  and  makes  recommendations  for  the  implementation  of 
these  measures. 

KEYWORDS:   Tourism,  use  projections,  use  statistics,  economic  development, 
planning . 
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of  tourism  to  the  Alaska  economy.   [n.p.]   U.S.  Econ.  Dev.  Adm. , 
Washington,  D.C. 

KEYWORDS:   Tourism,  use  statistics,  use  projections,  economic  development, 
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1968.   Summary  of  a  program  for  increasing  the  contribution  of 
tourism  to  the  Alaskan  economy.   31  p.   U.S.  Dep.  Commer., 
Washington,  D.C. 

This  document  summarizes  the  findings  and  recommendations  in  "A  Program 
for  Increasing  the  Contribution  of  Tourism  to  the  Alaskan  Economy"  (69). 

KEYWORDS:   Tourism,  use  statistics,  use  projections,  planning,  economic 
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1968.   A  subregional  economic  analysis  of  Alaska.   385  p.,  illus. 
Fed.  Field  Comm.  Dev.  Plann.  Alaska,  Anchorage. 

KEYWORDS:   Tourism,  economic  development,  economic  analysis. 
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1944.   Land  resources  of  Alaska:   policies  and  laws  controlling 
their  use,  2.   80  p.,  illus.   North  Pac.  Study,  Portland,  Oreg. 

This  report  includes  sections  on  laws  and  regulations  governing  forests, 
agriculture,  mineral  resources,  wildlife,  and  recreation. 

KEYWORDS:   Land  classification,  laws  and  regulations,  administration.      " 
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1947.   Tourist  development  possibilities  in  Alaska:   a  survey  of 
potential  resort  sites.   17  p.,  illus.   Alaska  Dev.  Board,  Juneau. 

KEYWORDS:   Tourism,  sites  and  facilities,  economic  development. 
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1971.   Fox-Yukon  recreation  study,  November,  1971.   59  p.,  illus. 
Fox-Yukon  Plann.  Group. 
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77.  Gabrielson,  Ira  N. 

1952.   Alaskan  waterfowl  and  their  m.anagement.  In    Henry  Collins 
(ed.),  Science  in  Alaska,  1950.   sel.  pap.,  1st  Annu .  Sci.  Conf., 
p.  292-305. 

In  the  tundra,  where  most  of  Alaska's  waterfowl  live,  their  existence 
is  jeopardized.   This  is  partly  due  to  the  introduction  of  humans  with  fire- 
arms into  the  region.   To  correct  this  situation  the  author  recommends  a 
wildlife  management  program  that  would  include  the  setting  aside  of  specif- 
ically  protected  key  breeding  areas  and  the  expansion  of  the  existing 
banding  program,  the  law  enforcement  staff,  and  the  Cooperative  Wildlife 
Research  Unit  of  the  University  of  Alaska.   Research  will  be  the  basis  of 
an  effective  waterfowl  management  program  in  the  future.   The  article 
includes  a  list  of  the  major  species  of  Alaskan  waterfowl,  descriptions  of 
the  general  condition  of  each  species'  population,  a  description  of  their 
migration  routes,  and  locations  of  nesting  grounds. 

KEYWORDS:   Fish  and  wildlife,  wilderness  values,  management. 
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1964.   Bureau  of  Indian  Affairs'  interest  in  outdoor  recreation  in 
Alaska.   34  p.   U.S.  Dep.  Inter.  Bur.  Indian  Aff.,  Juneau. 

KEYWORDS:   Land-use  planning,  hunting  and  fishing,  sites  and  facilities, 
historical  and  cultural  heritage. 
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1971.   A  resource  inventory  and  evaluation  of  the  recreational 
potential  of  the  Wood  River-Tikchik  area  of  Alaska.   [n.p.] 
Grummer  Ecosystems  Corp.,  Bethpage,  N.  Y. 
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80.  Hersh,  Adolph  E. 

1972.   Parks,  recreation  and  school  sites  study.   212  p.,  illus. 
Fairbanks  North  Star  Borough,  Alaska  Housing  Auth.,  Fairbanks. 

Fairbanks  needs  more  and  better  local  recreation  facilities.   Some 
support  for  their  development  is  available  in  the  form  of  Federal  and  State 
grants.   All  favored  recreation  activities  of  Fairbanks  residents  are 
related  to  parks,  trails,  or  organized  sports  and  activities.   Since  swimming 
is  the  most  desired  of  warm  weather  activities,  Fairbanks  needs  more  swimming 
pools.   Agencies  must  actively  involve  citizens  in  the  planning,  construction, 
and  maintenance  of  new  urban  park  facilities  to  offset  the  adverse  effects  of 
low  funding.   The  report  proposes  the  formation  of  a  nine-man  parks  and 
recreation  commission  to  oversee  the  development  and  maintenance  of 
Fairbanks'  municipal  parks  system.   Financial  support  for  borough  operation 
of  recreation  will  derive  partly  from  a  $5  per  capita  State  revenue  sharing 
measure  that  should  produce  an  annual  income  of  about  $165,000.   Revenues 
from  fees  and  special  charges  may  return  an  additional  sum  of  about  $10,000 
to  support  borough  recreation.   Among  the  major  developments  the  plan 
proposes  is  the  erection  of  a  civic  activities  center,  six  metropolitan 
parks  of  100  to  500  acres  or  more,  and  three  of  50  acres  and  larger  for 
nature  study  purposes. 

KEYWORDS:   Planning,  municipal  parks,  sites  and  facilities,  administration. 
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1963.   The  land  resources  of  Alaska:   a  Conservation  Foundation 
study.   551  p.,  illus.   Univ.  Publ.,  College  [Fairbanks],  Alaska. 

Tourism  and  outdoor  recreation  is  the  third  largest  industry  in  Alaska. 
Several  factors  prevent  it  from  becoming  an  even  more  significant  economic 
force:   the  generally  low  population  of  Alaska  itself;  the  lack  of  comfort- 
able, conveniently  located  overnight  facilities  (both  in  the  cities  and 
along  access  routes);  the  lack  of  finished  access  routes;  and  the  lack  of 
steamship  access  from  the  lower  48  States.   A  well-balanced  State  Park 
System  would  contribute  to  continued  growth  of  the  tourist  industry  in 
Alaska.   The  authors  provide  narrative  analyses  of  the  present  uses, 
administrative  problems,  and  future  recreation  needs  in  Alaska  of  the  U.S. 
Forest  Service,  National  Park  Service,  National  Wildlife  Refuge  System, 
Federal  public  domain,  and  the  State  Park  System.   Tables  are  included. 

KEYWORDS:   Tourism,  National  Parks  and  Monuments,  wildlife  refuges  and 

ranges,  use  projections.  National  Forests,  State  parks,  access, 
economic  development,  use  statistics,  planning,  management. 
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Univ.  Alaska,  Inst.  Soc,  Econ.,  and  Gov.  Res.,  SEG  Rep.  No.  13, 
173  p.,  illus.   College  [Fairbanks]. 

The  section  on  tourism  concludes  that  Alaska  must  offer  facilities  for 

tourists  at  more  reasonable  rates,  or  the  growing  tourist  industry  will 

level  off.   The  Marine  Highway  System  is  adequate  to  encourage  an  increasing 
number  of  visitors  each  year. 

KEYWORDS:   Tourism,  use  statistics,  planning,  access,  sites  and  facilities, 
economic  development. 
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83.  McCracken,  Harold. 

1924.  The  game  situation  in  Alaska.  Am.  For.  39  (366)  :  323- 328  ,  362, 
il lus . 

Depletions  of  game  by  the  Alaskan  Natives,  market  hunters,  and  workmen 
in  canneries  and  construction  camps  illustrate  the  need  for  an  Alaskan  game 
act  to  regulate  game  conditions  effectively. 

KEYWORDS:   Hunting  and  fishing,  fish  and  wildlife,  historical  and  cultural 
heritage,  laws  and  regulations. 
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1962.  The  Canning  River  region,  Alaska:  a  survey  of  its  wilderness 
and  recreation  resources.  (Mimeogr.)  46  p.,  illus.  Sierra  Club, 
New  York. 

The  author  surveyed  the  Canning  River  region  first-hand,  reviewed  it  as 
a  recreation  resource  and  recommends  that  the  utility-transportation  corridor 
along  the  west  side  of  the  Canning  and  the  Marsh  Fork  be  abolished;  a  2-mile- 
wide  scenic  easement  along  the  lower  Canning  west  of  the  present  Arctic 
Wildlife  Range  boundary  be  reserved;  and  that  all  lands  lying  within  the 
Canning  drainage  south  of  benchmark  "Ignek,"  including  the  Marsh  Fork,  be 
added  to  the  Range.   He  also  recommends  that  the  627,000-acre  Canning 
addition  to  the  Range  be  managed  as  a  legally  designated  Wilderness. 

KEYWORDS:   Land  classification,  Wilderness  and  Primitive  Areas,  wilderness 
values,  administration,  wildlife  refuges  and  ranges,  lakes  and 
waterways . 

85.  Mills,  Wilbur  M. 

1970.   Environmental  degradation  in  the  Arctic  National  Wildlife 
Range.   (Mimeogr.)   6  p.   Seattle  Mountaineers,  Seattle. 

During  the  spring  and  summer  of  1970,  the  author  observed  many  instances 
of  alleged  abuse  of  the  Arctic  National  Wildlife  Range  by  oil  companies 
exploring  there.   He  enumerates  specific  instances  of  degradation  of  the 
Range  in  this  report  and  recommends  action  on  the  part  of  the  Department  of 
the  Interior  (which  administers  the  Range  through  its  Fish  and  Wildlife 
Service),  and  by  concerned  citizens,  to  halt  the  damaging  activity.   He 
recommends  that  the  Range  be  closed  to  all  oil  and  mineral  leasing,  explora- 
tion, and  development  until  Congress  can  review  the  area  under  the  terms  of 
the  Wilderness  Act;  that  studies  be  initiated  to  develop  an  overall  manage- 
ment and  land-use  plan  for  the  Arctic  Range;  that  the  Department  of  the 
Interior  acquire  the  abandoned  DEW  (distant  early  warning)  line  sites  at 
Simpson  Cove  and  Demarcation  Point  for  inclusion  in  the  Wildlife  Range; 
that  debris  at  Schrader  Lake,  Lobo  Lake,  and  other  areas  which  receive 
recreational  use  be  removed  from  the  Range;  that  the  Department  of  Interior 
acquire  the  Interior  Airways  camp  at  Schrader  Lake;  that  the  southern 
boundary  of  the  Arctic  Range  be  reviewed  for  possible  inclusion  of  such 
areas  as  the  complete  drainage  of  Old  Woman  Creek  and  the  entire  length  of 
the  Sheenjek  and  Coleen  Rivers;  and  that  efforts  be  initiated  with  the 
Canadian  government  toward  establishing  a  wildlife  reserve  in  northwestern 
Yukon  Territory  adjacent  to  the  Arctic  Wildlife  Range. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  wildlife  refuges  and  ranges, 
wilderness  values. 
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KEYWORDS:   Sites  and  facilities,  municipal  parks,  planning,  fish  and  wildlife 
30 


87.  National  Resources  Committee,  and  Alaska  Resoui'ces  Committee. 

1938.   Regional  planning,  part  7:   Alaska:   its  resources  and 

development.   213  p.,  illus.   Gov.  Print.  Off.,  Washington,  D.C. 

Alaska's  resources  for  recreation  and  tourism  are  vast  but  underused 
because  of  small  population,  great  distances,  and  lack  of  highways.   The 
report  presents  a  description  of  recreation  resources,  including  existing 
National  Forests,  Parks,  and  Monuments.   It  recommends  establishment  of  a 
Federal  planning  authority  for  Alaska  to  formulate  conservation  and 
development  policy,  provision  for  more  adequate  transportation,  and 
enlargement  of  the  existing  recreational  system.   The  primitive  or  frontier 
quality  of  Alaska's  recreational  resources  is  distinctive  and  must  be 
emphasized  and  maintained. 

KEYWORDS:   Access,  National  Forests,  National  Parks  and  Monuments,  planning, 
wilderness  values,  administration,  Wilderness  and  Primitive  Areas 

88.  Smith,  Theodore  G. 

1969.   Alaska  State  Park  System,  1970-1976.   24  p.,  illus.   Alaska 
Div.  Lands,  Anchorage. 

The  basic  objectives  of  the  State  Park  System  in  Alaska  are  to  provide 
"a  wide-range  of  recreational  opportunities  for  residents  and  visitors;  to 
preserve ...  significant  objectives  and  sites  from  the  past;  and  to  preserve 
and  protect  the  values  associated  with  Alaska's  cultural  and  wilderness 
heritage."   The  report  outlines  policies  to  implement  these  objectives. 

The  Alaska  State  Department  of  Parks  estimates  it  will  spend  $1,780,000 
by  1976  on  improvements  of  waysides;  $12,140,000  for  the  development  of 
destination  areas;  $860,000  for  the  development  of  historic  sites;  and 
$800,000  for  studies  and  development  of  trails  in  recreation  corridors  and 
wilderness  areas.   Funding  is  anticipated  from  the  1966  Outdoor  Recreation 
Bond  Fund,  general  fund,  special  tax  revenues,  bond  issues.  Division  of 
Water  and  Harbors,  Department  of  Fish  and  Game,  and  Federal  grants.   Tables 
are  included. 

KEYWORDS:   State  parks,  land-use  planning,  planning,  sites  and  facilities, 
administration. 

89.  Stenmark,  Richard  J.,  and  Thomas  H.  Schoder. 

1974.   Resources  inventory,  Arctic  region:   recreation  and  preserva- 
tion opportunities.   Resour.  Plann.  Team,  Joint  Fed. -State  Land 
Use  Plann.  Comm.,  83  p.,  illus. 

This  report  and  the  reports  of  90,  91,  92,  93,  and  94  contain  an 
introduction  to  the  region  and  its  resources,  a  subregional  inventory  of 
developed  and  potential  recreation  and  preservation  opportunities, 
appendixes  that  include  the  quality  evaluation  rating  system  used  in  the 
survey,  a  glossary,  and  a  bibliography.   Each  report  is  illustrated  with 
maps . 

KEYWORDS:   Sites  and  facilities,  recreation  inventories. 

90.  Stenmark,  Richard  J.,  and  Thomas  H.  Schoder. 

1974.   Resources  inventory,  northwest  region:   recreation  and 

preservation  opportunities.   Resour.  Plann.  Team,  Joint  Fed. -State 
Land  Use  Plann.  Comm.,  89  p.,  illus. 

See  Abstract  for  89. 

KEYWORDS:   Sites  and  facilities,  recreation  inventories. 
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91.  Stenmark,  Richard  J.,  and  Thomas  H.  Schoder. 

1974.   Resources  inventory,  southcentral  region:   recreation  and 
preservation  opportunities.   Resour.  Plann.  Team,  Joint  Fed. -State 
Land  Use  Plann.  Comm.,  166  p.,  illus. 

See  abstract  for  89. 

KEYWORDS:   Sites  and  facilities,  recreation  inventories. 

92.  Stenmark,  Richard  J.,  and  Thomas  H.  Schoder. 

1974.   Resources  inventory,  southeast  region:   recreation  and 

preservation  opportunities.   Resour.  Plann.  Team,  Joint  Fed. -State 
Land  Use  Plann.  Comm.,  117  p.,  illus. 

See  abstract  for  89. 

KEYWORDS:   Sites  and  facilities,  recreation  inventories. 

93.  Stenmark,  Richard  J.,  and  Thomas  H.  Schoder. 

1974.   Resources  inventory,  southwest  region:   recreation  and 

preservation  opportunities.   Resour.  Plann.  Team,  Joint  Fed. -State 
Land  Use  Plann.  Comm.,  72  p.,  illus. 

See  abstract  for  89. 

KEYWORDS:   Sites  and  facilities,  recreation  inventories. 

94.  Stenmark,  Richard  J.,  and  Thomas  H.  Schoder. 

1974.   Resources  inventory,  Yukon  region:   recreation  and  preservation 
opportunities.   Resour.  Plann.  Team,  Joint  Fed. -State  Land  Use 
Plann.  Comm.,  138  p.,  illus. 

See  abstract  for  89. 

KEYWORDS:   Sites  and  facilities,  recreation  inventories. 

95.  Thomas,  Wayne  C.,  and  Gregory  K.  White. 

1974.   Outdoor  recreation  responsibilities  in  Alaska.   45  p.,  illus. 
Alaska  Div.  Parks  [Anchorage]. 

The  goals  of  the  study  are  (1)  to  evaluate  existing  jurisdictional  and 
funding  responsibilities  for  providing  outdoor  recreation  in  Alaska  and 
(2)  to  recommend  improvements  in  availability  of  outdoor  recreation  to  the 
general  public.   The  general  analysis  of  the  Federal,  State,  and  local 
agencies  responsible  for  Alaska's  recreational  resources  revealed  little 
cooperation  or  coordination  among  them,  often  resulting  in  actions  at  cross- 
purposes.   "Alaska  would  benefit  if  all  (recreation)  agencies  would  recognize 
common  objectives  for  the  State's  recreational  system  and  coordinate  their 
efforts  to  maximize  the  public  benefits...."   The  study  makes  five  specific 
recommendations  to  foster  improved  interagency  communication. 

KEYWORDS:   State  parks,  planning,  administration. 

96.  Thomas,  Wayne  C,  Gregory  K.  White,  and  Nat  Goodhue. 

1974.   Catalogue  of  assistance  for  outdoor  recreation  projects. 
80  p.,  illus.   Alaska  Div.  Parks. 

The  purpose  of  this  catalog  of  programs  is  to  provide  a  single, 
convenient  reference  for  those  seeking  assistance  in  expanding  outdoor 
recreation  opportunities  in  Alaska.   It  contains  active,  funded  programs 
which  may  be  used  to  support  outdoor  recreation. 

KEYWORDS:   Administration,  planning. 
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97.  Thompson,  Linda  Kay. 

1972.  Alaska's  abandoned  towns.   Alaska  Div.  Parks,  Hist.  Arch.  Ser, 
2,  Misc.  Publ.,  75  p.,  illus.   Anchorage. 

This  study,  through  three  case  studies,  seeks  to  establish  the 
importance  of  three  abandoned  mining  communities  as  evidence  of  Alaska's 
past.   It  identifies  problems  in  protection  and  interpretation  and 
recommends  solutions  that  may  apply  in  the  preservation  of  other  historic 
remains . 

KEYWORDS:   Historical  and  cultural  heritage,  planning. 

98.  U.S.  Alaska  Highway  and  Land  Planning  Survey  Committee. 

1944.   Recreation  resources  of  the  Alaska  Highway  and  other  roads  in 
Alaska.   83  p.,  illus.   U.S.  Dep.  Inter.  Natl.  Park  Serv., 
Washington,  D.C. 

This  older  classic  study  inventories  the  recreation  resources  of  the 
Alaska  Highway  and  other  roads  in  Alaska.   Introductory  chapters  deal  with 
the  allure  of  Alaska  and  means  of  access  to  Alaska.   The  report  fully 
describes  each  road  and  discusses  future  access  roads,  factors  influencing 
volume  of  use,  quantitative  estimates  of  use,  and  temporary  accommodations. 
Later  sections  offer  a  plan  for  development  of  recreation  facilities  and 
procedures  for  their  implementation.   Finally,  the  study  summarizes  signifi- 
cant findings  and  makes  major  recommendations. 

KEYWORDS:   Highways  and  roads,  use  projections,  sites  and  facilities, 
land-use  planning,  land  classification,  tourism,  recreation 
inventories,  access,  planning. 

99.  U.S.  Department  of  Agriculture,  Forest  Service. 

1969.   Assessing  benefits  and  costs  for  Alaska  National  Forest  , 
wilderness  proposals.   (Mimeogr.)   4  p.   U.S.  Dep.  Agric.  For. 
Serv. ,  Juneau . 

KEYWORDS:   Land  classification.  Wilderness  and  Primitive  Areas,  economic 
analysis . 

100.   U.S.  Department  of  Agriculture,  Forest  Service. 

1973.  New  National  Forests  for  Alaska.   284  p.,  illus.   U.S.  Dep. 
Agric.  For.  Serv.,  Juneau. 

This  report  is  a  revision  of  an  earlier  report  (122)  reflecting  changes 
in  the  final  land  withdrawals  made  by  the  Secretary  of  the  Interior  in 
September  1972.   It  presents  the  final  proposals  for  the  creation  of  new 
National  Forests  in  Alaska  as  one  of  the  four  National  Conservation  Systems 
designated  under  Section  17(d)  (2)  of  the  Alaska  Native  Claims  Settlement 
Act.   The  report  was  designed  for  the  use  of  the  House  Public  Lands 
Subcommittee  in  their  review  of  the  Secretary's  recommendation.   It  includes 
detailed  descriptions  of  seven  proposed  new  National  Forests  (Wrangell 
Mountains,  Fortymile,  Porcupine,  Koyukuk,  Yukon,  Kuskokwim,  Lake  Clark), 
totaling  exactly  42  million  acres,  and  is  illustrated  with  charts,  graphs, 
maps,  photos,  and  drawings. 

KEYWORDS:   Land  classification.  National  Forests,  Alaska  Native  Claims 
Settlement  Act,  administration,  laws  and  regulations. 
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101.  U.S.  Department  of  Agriculture,  Forest  Service. 

1974.   New  National  Forests  for  Alaska.   U.S.  Dep.  Agric.  For.  Serv., 
Curr.  Inf.  Rep.  12,  12  p.,  illus. 

A  USDA  Forest  Service  study  team,  along  with  teams  from  three  other 
Federal  natural  resource  agencies,  framed  an  analysis  and  recommendations 
for  land  classification  changes  in  Alaska.   The  Forest  Service  team  selected 
39.4  million  acres  in  seven  areas  suitable  for  new  units  in  the  National 
Forest  System  and  2.6  million  acres  for  additions  to  the  present  Tongass  and 
Chugach  National  Forests.   The  Secretary  of  the  Interior  recommended  three 
new  major  National  Forests  totaling  18.3  million  acres  and  one-half  million 
additional  acres  for  the  Chugach  National  Forest.   Tables  and  maps  show 
details  of  the  proposals  of  the  Forest  Service  and  the  Secretary  of  the 
Interior. 

KEYWORDS:   Land  classification.  National  Forests,  Alaska  Native  Claims 
Settlement  Act,  administration,  laws  and  regulations. 

102.  U.S.  Department  of  Commerce,  National  Marine  Fisheries  Service,  Alaska 
Region . 

1974.   Marine  recreational  fishing  in  Alaska.   MFR  Pap.  1042,  Mar. 
Fish.  Rev.  36(3):18-20. 

Marine  fishing  is  an  increasingly  popular  pastime  for  Alaskans  and 
visitors.   Increase  in  use  has  given  rise  to  conflicts;  for  example,  between 
sport  and  commercial  fishermen  and  between  the  United  States  and  Canada  over 
ownership  of  coho  and  chinook  salmon.   The  National  Marine  Fisheries  Service 
can  and  should  contribute  to  the  solution  of  these  and  other  problems. 

KEYWORDS:   Hunting  and  fishing,  lakes  and  waterways,  fish  and  wildlife. 

103.  U.S.  Department  of  Health,  Education  and  Welfare. 

1972.   Environmental  health  practices  in  Alaska  recreation  areas. 
(Seminar.)   50  p.   U.S.  Dep.  Health,  Educ .  and  Welfare.   Publ. 
Health  Serv.,  Health  Serv.  and  Mental  Health  Admin.  Bur.  Community 
Environ.  Manage.   [May  31,  June  I  and  2,  1972,  Fairbanks.] 
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1965.   Recreation  opportunities.  In    Rampart  project,  Alaska:   market 
for  power  and  effect  of  the  project  on  natural  resources.   Vol.  1, 
part  4,  p.  319-336.   U.S.  Dep.  Inter.,  Juneau. 

KEYWORDS:   Rampart  Dam. 
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106.  U.S.  Department  of  the  Interior,  Bureau  of  Land  Management. 

1971.   Iliamna  unit  resource  analysis:   Bristol  Bay  resource  area, 
Anchorage  District,  Alaska.   200  p.,  illus.   U.S.  Dep.  Inter.  Bur. 
Land  Manage.,  Anchorage. 

The  resource  analysis  contains  a  section  on  recreation,  about  25  pages. 
It  includes  assessments  of  the  scenery,  wildlife,  cultural  features,  geologic 
features,  water  bodies,  snow  and  ice  features,  ecological  features,  primitive 
values,  and  recreation  sites  of  the  unit  as  to  their  value  to  outdoor  recrea- 
tionists.   The  information  included  in  the  report  was  obtained  from  written 
sources,  not  from  direct  observation.   It  does  not  constitute  an  inventory, 
according  to  the  authors,  who  declare  that  more  inventory  work  is  needed  on 
the  unit. 

KEYWORDS:   Sites  and  facilities. 

107.  U.S.  Department  of  the  Interior,  Bureau  of  Land  Management. 

1971.   Prospectus  for  land-use  planning  in  northern  Alaska.   (Draft 
copy.)   12  p.,  illus.   U.S.  Dep.  Inter.  Bur.  Land  Manage., 
Anchorage . 
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108.  U.S.  Department  of  the  Interior,  Bureau  of  Outdoor  Recreation. 

1971.   Recreation  impact  study:   Trans-Alaska  pipeline,  for  the 
Bureau  of  Land  Management.   64  p.   U.S.  Dep.  Inter.  Bur.  Outdoor 
Recreation . 

Construction  of  the  pipeline  can  have  an  adverse  effect  on  Alaska's 
recreation  resources,  but  impact  on  use  will  be  generally  beneficial. 
Physical  impacts  of  the  pipeline  threaten  certain  characteristics  of  both 
the  Gulkana  and  Delta  Rivers,  each  a  possible  condidate  for  the  Wild  and 
Scenic  Rivers  System.   Visual  impacts  of  the  construction  may  be  less 
significant,  but  Keystone  Canyon  needs  special  care  and  planning,  as  do  the 
areas  near  Worthington  Glacier,  Isabel  Pass,  and  hundreds  of  pit  areas  for 
gravel.   North  of  the  Yukon  River,  the  opening  up  of  an  existing  wilderness 
could  be  the  maximum  pipeline  impact. 

The  pipeline  will  stimulate  recreation  use  of  Alaska's  resources. 
Overall  participation  in  outdoor  recreation  is  sure  to  increase  somewhat 
faster  than  without  oil  industry  expansion,  especially  along  the  segments 
north  of  the  Yukon  River. 

This  report  presents  suggestions  which  are  intended  to  minimize  adverse 
impacts  of  the  pipeline  and  to  utilize  and  improve  those  areas  affected  by 
pipeline  construction  for  maximum  public  benefits.   Comprehensive  master 
planning  will  be  necessary  to  assure  proper  utilization  of  the  pipeline 
right-of-way,  material  sites,  and  lateral  access  roads.   New  highways  built 
in  conjunction  with  the  pipeline  should  be  constructed  so  as  to  have  little 
adverse  effect  on  the  Alaskan  environment.   Areas  of  particular  value,  such 
as  Galbraith  Lake  and  the  Yukon  River,  should  be  protected.   Construction 
camps  and  service  areas  and  campgrounds  can  be  made  useful  to  recreationists . 
New  recreation  facilities  could  be  operated  on  a  concessionaire  basis. 
Additional  recreation  areas  should  be  identified.   Use  of  off-the-road 
vehicles  should  be  limited,  and  pipeline  support  facilities  should  be  located 
and  designed  to  be  compatible  with  the  surrounding  environment. 

KEYWORDS:   Wilderness  values,  economic  development,  planning,  management. 
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109.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service. 

[n.d.]   Aleutian  Islands:   wilderness  study  summary.   34  p.,  illus. 
U.S.  Dep .  Inter.  Fish  and  Wildl.  Serv.,  Anchorage. 

The  Aleutian  Islands  National  Wildlife  Refuge  possesses  some  outstand- 
ing wilderness  values.   Approximately  1,395,357  acres  appear  suitable  for 
inclusion  in  the  National  Wilderness  Preservation  System.   Approximately 
325,362  acres  of  the  study  area  appear  unsuitable  for  wilderness  designation. 
These  excluded  areas  would  provide  for  military  operations  and  future  expan- 
sion of  the  fish  industry,  as  well  as  for  Aleut  land  selections  under  the 
Alaska  Native  Claims  Settlement  Act.   In  addition,  numerous  cemeteries  and 
historical  sites  may  be  selected  by  the  Natives.   Since  waters  below  the 
line  of  mean  high  tide  are  not  under  Refuge  jurisdiction,  motorboats  may  be 
used  for  commercial  fishing  and  for  access  to  the  island  beaches  and  lagoons. 
Aircraft  may  also  land  in  these  waters  and  within  excluded  areas. 

KEYWORDS:   Wildlife  refuges  and  ranges.  Wilderness  and  Primitive  Areas,  fish 
and  wildlife,  land  classification. 

110.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service,  Bureau  of 
Sport  Fisheries  and  Wildlife. 

[n.d.]   Nunivak  wilderness  study  summary.   24  p.,  illus.   U.S.  Dep. 
Inter.  Fish  and  Wildl.  Serv.  Bur.  Sport  Fish,  and  Wildl.,  Anchorage. 

Although  Nunivak  National  Wildlife  Refuge  possesses  many  wilderness 
qualities,  it  is  proposed  that  it  not  be  designated  a  Wilderness  Area  in  the 
National  Wilderness  Preservation  System.   The  most  serious  conflict  with 
wilderness  appears  to  be  the  use  of  snow  machines  by  Native  residents  for 
both  subsistence  and  recreational  purposes.   Such  use  is  viewed  incompatible 
with  wilderness  protection  and  management  under  terms  of  the  Wilderness  Act 
of  1964.   The  other  conflicts  involve  the  commercial  reindeer  herding 
enterprise,  pending  Native  land  selections,  imprecise  refuge  boundary,  the 
proposed  road  corridor  around  the  entire  island,  and  the  military's  entitle- 
ment to  use  of  the  refuge. 

KEYWORDS:   Wildlife  refuges  and  ranges,  land  classification,  Wilderness  and 
Primitive  Areas,  fish  and  wildlife. 

111.  U.S.  Department  of  the  Interior,  National  Park  Service. 

1964.   Alaska.  In    Parks  for  America,  p.  345-354.   Gov.  Print.  Off., 
Washington,  D.C. 

Behind  national  defense,  fisheries,  and  forest  products,  recreation  was 
the  most  important  industry  in  Alaska  in  1964.   Population  projections 
suggest  the  need  for  expanded  recreation  facilities  in  the  near  future. 
Therefore,  the  National  Park  Service   should  give  further  study  to  proposals 
to  establish  as  National  Parks  the  St.  Elias-Wrangell  Mountains,  Lake  Clark 
Pass,  and  the  Wood-Tikchik  area;  the  State  Park  Service  should  enlarge  its 
system  by  placing  under  its  administration  17  parks,  27  recreation  areas,  3 
scientific  monuments,  2  historic  monuments,  and  1  nature  preserve,  as  well 
as  scenic  routes,  free-flowing  streams,  and  foot  trails;  and  local  park 
departments  should  establish  3  parks,  14  recreation  areas,  1  beach  trail, 
and  1  foot  trail.   The  study  includes  an  inventory  of  existing  Federal, 
State,  and  local  recreation  areas. 

KEYWORDS:   Land  classification,  planning,  use  projections. 
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112.  U.S.  Department  of  the  Interior,  National  Park  Service. 

1971.   Wilderness  study:   Katmai  National  Monument.   (Prelim   draft  ) 
19  p.,  illus.   U.S.  Dep.  Inter.  Natl.  Park  Serv.,  Seattle.' 

Lands  and  waters  of  the  portion  of  the  Aleutian  Range  and  Lake  District 
comprising  most  of  Katmai  National  Monument,  Alaska,  have  been  found  suitable 
for  inclusion  in  the  National  Wilderness  Preservation  System. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  land  classification,  National  Park^ 
and  Monuments,  administration. 
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1974.   Proposed  Katmai  Wilderness,  Katmai  National  Monument,  Alaska: 
final  environmental  statement.   U.S.  Dep.  Inter.  Natl.  Park  Serv 
Pac.  Northwest  Reg.,  204  p.,  illus. 
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and  Monuments,  fish  and  wildlife,  land  classification, 
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114.  University  of  Alaska,  Institute  of  Business,  Economic   and  Government 
Research. 

1965.   Tourism  in  Alaska.   20  p.,  illus.   Univ.  Alaska  Inst.  Bus., 
Econ. ,  and  Gov.  Res.,  College  [Fairbanks]. 

Tourism  is  already  a  major  source  of  income  for  the  State  of  Alaska  and 
its  residents;  aggressive  promotion  would  insure  the  continued  growth  of  the 
tourist  industry.   State  and  private  interests  must  expand  tourist  facilities 
to  meet  growing  needs  and  give  greater  attention  to  long-range  policies  and 
plans  to  attract  more  tourist  money  to  Alaska.   Alaska  may  expect  200,000  or 
more  visitors  by  1975,  even  without  wel I  -  organized  support  for  developmental 
programs;  but  this  number  could  increase  to  450,000  with  that  support, 
bringing  into  the  State  an  estimated  $225  million  annually.   A  developmental 
program  should  include  (1)  an  inventory  of  existing  facilities,  (2)  measure- 
ment of  present  levels  of  use,  and  (3)  a  study  of  actual  and  potential 
growth. 

KEYWORDS:   Tourism,  sites  and  facilities,  use  projections,  economic 
development . 

115.  Westgate,  Richard  S.,  and  Victor  Fischer. 

1954.   Volume  1  of  part  2,  Community  and  territorial  recreation, 
Alaska  recreation  survey.   35  p.,  illus.   U.S.  Dep.  Inter.  Natl. 
Park  Serv.   Gov.  Print.  Off.,  Washington,  D.C. 

This  volume  discusses  recreation  facilities,  programs,  and  activities 
offered  by  the  various  agencies  and  programs  in  Anchorage.   Numerous  recom- 
mendations are  made  for  improvement  of  recreation  opportunities  in  Anchorage. 

KEYWORDS:   Municipal  parks,  planning,  management,  administration. 

116.  Wilson,  Carl  N. 

1959.  The  National  Forest  outdoor  recreation  resource  review  in 
Alaska.  In  Science  in  Alaska.  10th  Alaskan  Sci.  Conf.  Proc, 
p.  103-104.   [Juneau.] 

The  Forest  Service  is  undertaking  an  outdoor  recreation  resources  review 
of  all  the  National  Forests,  including  Alaska's,  with  the  specific  objectives 
of  making  an  inventory  and  evaluation  of  recreation  resources  and  reviewing 
the  policies,  plans,  and  programs  needed  to  meet  future  recreation  demands  on 
the  National  Forests.   This  information  will  be  furnished  to  the  National 
Outdoor  Recreation  Resources  Review  Commission  in  preparing  their  report. 

KEYWORDS:   National  Forests,  recreation  inventories. 
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117.  Wolf  Management  Service. 

1965.  Investment  opportunities  in  southeastern  Alaska.  244  p., 
illus.  U.S.  Dep .  Commer.,  Area  Redev.  Adm.  Gov.  Print.  Off., 
Washington,  D.C. 

The  Alaska  Marine  Highway  System  is  a  force  for  economic  growth  in  many 
areas- -tourism  among  them.   The  report  examines  the  abilities  and  limitations 
of  the  System  as  one  key  to  solving  the  underemployment  problem  and  offers 
recommendations  and  conclusions  to  enable  southeastern  Alaska's  economic 
climate  to  improve. 

KEYWORDS:   Tourism,  Alaska  Marine  Highway  System,  economic  development, 
highways  and  roads,  access,  economic  analysis. 

B.   PROPOSALS 

118.  Alaska  Office  of  the  Governor,  Planning  and  Research. 

1975.   A  preliminary  proposal  pertaining  to  national  interest  ("D-2") 
lands  in  Alaska  under  the  Alaska  Native  Claims  Settlement  Act. 
26  p.   Alaska  Off.  Governor,  Plann.  and  Res.,  Juneau. 

KEYWORDS:   Alaska  Native  Claims  Settlement  Act,  land  classification. 

119.  Burkhart,  Wayne,  and  Marilyn  Burkhart. 

1967.  A  tourist  facility  and  recreation  area  in  Alaska's  Matanuska 
Valley.   9  p.   Matanuska  Valley  Parks  and  Recreation,  Inc. 

KEYWORDS:   Sites  and  facilities,  tourism,  planning. 

120.  Mills,  Wilbur. 

1961.   A  proposed  addition  to  the  Arctic  National  Wildlife  Range. 
(Prelim,  draft.)   30  p.,  illus.   Seattle  Mountaineers,  Seattle. 

Approximately  5  million  acres  of  the  Sheenjek  and  Coleen  River  drainages 
south  of  the  present  boundary  should  be  added  to  the  Arctic  National  Wildlife 
Range . 

KEYWORDS:   Land  classification.  Wilderness  and  Primitive  Areas,  wilderness 
values,  wildlife  refuges  and  ranges,  administration. 

121.  Sitka  Conservation  Society. 

1968.  A  proposal:  the  West  Chichagof - Yakobi  Island  Wilderness. 
9  p.   Sitka  Conserv.  Soc.,  Sitka,  Alaska. 

KEYWORDS:   Land  classification,  Wilderness  and  Primitive  Areas,  National 
Forests . 

122.  U.S.  Department  of  Agriculture,  Forest  Service. 

1972.   A  proposal  for  new  National  Forests  for  Alaska  under  the 

Alaska  Native  Claims  Settlement  Act.   U.S.  Dep.  Agric.  For.  Serv., 
Situation  Rsp . ,  12  p.,  illus. 

KEYWORDS:   Land  classification,  Alaska  Native  Claims  Settlement  Act,  National 
Forests,  administration,  laws  and  regulations. 

123.  U.S.  Department  of  Agriculture,  Forest  Service. 

[n.d.]   Wrangell  Mountains  National  Forest.   (Proposal)   60  p.,  illus. 
U.S.  Dep.  Agric.  For.  Serv.,  Juneau. 

KEYWORDS:   Land-use  planning,  land  classification,  Wilderness  and  Primitive 
Areas,  National  Forests. 
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124.  U.S.  Department  of  the  Interior. 

1974.   Noatak  National  Arctic  Range,  Alaska:   final  environmental 
statement.   U.S.  Dep.  Inter.,  Alaska  Plann.  Group,  Washington,  D.C. 

This  statement  and  the  statements  in  125,  126,  127,  128,  129,  130,  131, 
and  132  contain  the  resource  review  and  environmental  evaluations  creating 
wildlife  refuges  and  include  public  comments. 

KEYWORDS:   Wildlife  refuges  and  ranges. 

125.  U.S.  Department  of  the  Interior. 

1974.   Proposed  Alaska  Coastal  National  Wildlife  Refuge,  Alaska: 
final  environmental  statement.   678  p.,  illus.   U.S.  Dep.  Inter., 
Alaska  Plann.  Group,  Washington,  D.C. 

See  abstract  for  124. 

KEYWORDS:   Wildlife  refuges  and  ranges. 

126.  U.S.  Department  of  the  Interior. 

1974.   Proposed  Arctic  National  Wildlife  Refuge,  Alaska:   final 

environmental  statement.   668  p.,  illus.   U.S.  Dep.  Inter.,  Alaska 
Plann.  Group,  Washington,  D.C. 

See  abstract  for  124. 

KEYWORDS:   Wildlife  refuges  and  ranges. 

127.  U.S.  Department  of  the  Interior. 

1974.   Proposed  Iliamna  National  Resource  Range,  Alaska:   final 

environmental  statement.   620  p.,  illus.   U.S.  Dep.  Inter.,  Alaska 
Plann.  Group,  Washington,  D.C. 

See  abstract  for  124. 

KEYWORDS:   Wildlife  refuges  and  ranges. 

128.  U.S.  Department  of  the  Interior. 

1974.   Proposed  Koyukuk  National  Wildlife  Refuge,  Alaska:   final 
environmental  statement.   576  p.,  illus.   U.S.  Dep.  Inter.,  Alaska 
Plann.  Group,  Washington,  D.C. 

See  abstract  for  124. 

KEYWORDS:   Wildlife  refuges  and  ranges. 

129.  U.S.  Department  of  the  Interior. 

1974.   Selawik  National  Wildlife  Refuge,  Alaska:   final  environmental 
statement.   632  p.,  illus.   U.S.  Dep.  Inter.,  Alaska  Plann.  Group, 
Washington,  D.C. 

See  abstract  for  124. 

KEYWORDS:   Wildlife  refuges  and  ranges. 
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130.  U.S.  Department  of  the  Interior. 

1974.  Togiak  National  Wildlife  Refuge,  Alaska:  final  environmental 
statement.  546  p.,  illus.  U.S.  Dep.  Inter.,  Alaska  Plann.  Group, 
Washington,  D.C. 

See  abstract  for  124. 

KEYWORDS:   Wildlife  refuges  and  ranges. 

131.  U.S.  Department  of  the  Interior. 

1974.  Yukon  Delta  National  Wildlife  Refuge,  Alaska:  final  environ- 
mental statement.  550  p.,  illus.  U.S.  Dep.  Inter.,  Alaska  Plann. 
Group,  Washington,  D.C. 

See  abstract  for  124. 

KEYWORDS:   Wildlife  refuges  and  ranges. 

132.  U.S.  Department  of  the  Interior. 

1974.  Yukon  Flats  National  Wildlife  Refuge,  Alaska:  final  environ- 
mental statement.  646  p.,  illus.  U.S.  Dep.  Inter.,  Alaska  Plann. 
Group,  Washington,  D.C. 

See  abstract  for  124. 

KEYWORDS:   Wildlife  refuges  and  ranges. 

153.   U.S.  Department  of  the  Interior,  Bureau  of  Land  Management. 

1963.   Guidelines  for  outdoor  recreation  programs  in  Alaska:   a 
proposal.   13  p.   U.S.  Dep.  Inter.  Bur.  Land  Manage.,  Anchorage. 

KEYWORDS:   Sites  and  facilities,  planning,  administration,  management. 

134.  U.S.  Department  of  the  Interior,  Bureau  of  Land  Management. 

1971.  The  Central  Brooks  Range  classification:  a  proposal.  24  p., 
illus.   U.S.  Dep.  Inter.  Bur.  Land  Manage.,  Anchorage. 

The  purpose  of  this  publication  is  to  foster  public  understanding  of  and 
support  for  the  classification  of  the  Central  Brooks  Range  for  multiple  use 
management  by  the  Bureau  of  Land  Management.   Emphasis  is  placed  on  the 
Range's  primary  value  as  Wilderness  rather  than  as  a  timber  and  mineral 
resource . 

KEYWORDS:   Land-use  planning,  land  classification.  Brooks  Range,  wilderness 
values,  administration. 

135.  U.S.  Department  of  the  Interior,  Bureau  of  Land  Management. 

[n.d.]   Proposed  classification  for  multiple  use  management:   Copper 
River  area.   5  p.,  illus.   U.S.  Dep.  Inter.  Bur.  Land  Manage., 
Anchorage. 

KEYWORDS:   Land-use  planning,  land  classification,  sites  and  facilities. 

136.  U.S.  Department  of  the  Interior,  Bureau  of  Outdoor  Recreation. 

1970.  Wrangell  Mountains  National  Scenic  Area.  33  p.,  illus.  U.S. 
Dep.  Inter.  Bur.  Outdoor  Recreation,  Washington,  D.C. 

This  publication  is  a  proposal  for  the  Copper  and  Chitina  River  area. 

KEYWORDS:   Scenery,  National  Scenic  Areas. 
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137.  U.S.  Department  of  the  Interior,  Bureau  of  Sport  Fisheries  and  Wildlife 

1970.  Izembek  wilderness  proposal,  Alaska.   20  p.,  illus.   U.S.  Dep. 
Inter.  Bur.  Sport  Fish,  and  Wildl.,  Anchorage. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  land  classification,  fish  and 
wildlife,  wildlife  refuges  and  ranges,  administration,  hunting 
and  fishing. 

138.  U.S.  Department  of  the  Interior,  Bureau  of  Sport  Fisheries  and  Wildlife. 

1971.  Kenai  wilderness  proposal:   Kenai  National  Moose  Range,  Alaska, 
31  p.,  illus.   U.S.  Dep.  Inter.  Bur.  Sport  Fish  and  Wildl., 
Anchorage. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  land  classification,  fish  and 

wildlife,  Kenai  Peninsula,  wildlife  refuges  and  ranges,  hunting 
and  fishing,  administration. 

139.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service. 

1974.  Proposed  Alaska  National  Wildlife  Refuges.   [n.p.],  illus. 
U.S.  Dep.  Inter.  Fish  and  Wildl.  Serv. 

This  publication  contains  about  200  pages,  comprised  of  nine  brochures, 
illustrated  with  maps  and  photos,  of  the  nine  proposed  National  Wildlife 
Refuges:   Yukon  Delta,  Koyukuk,  Yukon  Flats,  Selawik,  Iliamna,  Arctic, 
Noatak  (National  Arctic  Range),  Alaska  Coastal,  and  Togiak.   The  material  is 
primarily  descriptive. 

KEYWORDS:   Wildlife  refuges  and  ranges. 

140.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service. 

1975.  Environmental  assessment:   proposed  management  of  muskox  on 
Nunivak  National  Wildlife  Refuge,  Alaska.   101  p.,  illus.   U.S. 
Dep.  Inter.  Fish  and  Wildl.  Serv.,  Anchorage. 

The  Fish  and  Wildlife  Service  proposes  to  maintain  the  muskox  herd  on 
Nunivak  National  Wildlife  Refuge  within  the  average  carrying  capacity  of  its 
winter  range.   Management  programs  will  require  reduction  in  the  size  of  the 
herd  by  a  variety  of  means  including  permit  hunts  to  be  managed  in  coopera- 
tion with  the  Alaska  Department  of  Fish  and  Game.   Unchecked  increase  of  the 
muskox  population  on  Nunivak  has  resulted  in  heavy  winter  mortality  which 
threatens  the  future  of  the  herd,  progressive  destruction  of  vegetation  in 
areas  used  as  winter  range,  and  in  increased  erosion  of  coastal  dunes,  unique 
natural  features  of  the  island.   This  proposal  will  provide  additional 
security  to  muskox  on  Nunivak  by  maintaining  the  population  within  the 
carrying  capacity  of  their  winter  range.   Destruction  of  vegetation  and  the 
progressive  erosion  of  important  dune  habitats  will  be  retarded.   The 
proposal  will  maximize  economic  and  recreational  benefits  from  management  of 
the  herd  and  will  result  in  a  significant  contribution  to  the  economy  of  the 
Eskimo  village  of  Mekoryuk.   There  are  no  significant  adverse  impacts  on  the 
human  or  wildlif e-wildlands  environment  of  Nunivak  Island. 

KEYWORDS:   Fish  and  wildlife,  hunting  and  fishing,  wildlife  refuges  and 
ranges . 
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141.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service,  Bureau  of 
Sport  Fisheries  and  Wildlife. 

[n.d.]   Chamisso  wilderness  proposal.   10  p.,  illus.   U.S.  Dep. 

Inter.  Fish  and  Wildl.  Serv.  Bur.  Sport  Fish,  and  Wildl.,  Portland, 
Oreg  . 

The  Chamisso  National  Wildlife  Refuge  is  suitable  for  preservation 
within  the  National  Wilderness  Preservation  System--a  designation  which 
would  be  entirely  compatible  with  existing  refuge  objectives. 

KEYWORDS:   Wildlife  refuges  and  ranges,  Wilderness  and  Primitive  Areas, 
fish  and  wildlife,  land  classification. 

142.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service,  Bureau  of 
Sport  Fisheries  and  Wildlife. 

[n.d.]   Semidi  wilderness  proposal:   Semidi  National  Wildlife  Refuge, 
Alaska.   16  p.,  illus.   U.S.  Dep.  Inter.  Fish  and  Wildl.  Serv. 
Bur.  Sport  Fish,  and  Wildl.,  Anchorage. 

All  of  the  Semidi  National  Wildlife  Refuge  is  still  in  a  natural  state 
and  qualifies  for  inclusion  in  the  National  Wilderness  Preservation  System. 
No   adverse  economic  or  environmental  impacts  can  be  foreseen  from  the 
proposed  action.   Commercial  fishing  with  motor-powered  boats  is  an  estab- 
lished use  and  does  not  conflict  with  management  objectives.   It  is  proposed 
that  this  activity  be  permitted  to  continue  subject  only  to  existing  Federal 
and  State  laws.   Designating  the  Semidi  National  Wildlife  Refuge  as  wilder- 
ness will  provide  legislative  protection  to  the  Refuge  and  will  assure  that 
the  insular  ecosystem  will  remain  in  a  natural  state  for  the  use  and  enjoy- 
ment of  this  and  future  generations  of  Americans. 

KEYWORDS:   Wildlife  refuges  and  ranges,  fish  and  wildlife,  land  classifi- 
cation. Wilderness  and  Primitive  Areas. 

143.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service,  Bureau  of 
Sport  Fisheries  and  Wildlife. 

[n.d.]   Simeonof  wilderness  proposal,  Alasl<a.   10  p.,  illus.   U.S. 
Dep.  Inter.  Fish  and  Wildl.  Serv.  Bur.  Sport  Fish,  and  Wildl., 
Portland,  Oreg. 

All  lands  and  waters  of  the  Simeonof  National  Wildlife  Refuge,  with 
the  exception  of  the  lands  presently  occupied  b/  old  ranch  buildings,  are 
recommended  as  suitable  for  consideration  as  Wilderness.   Under  Wilderness 
designation,  the  existing  grazing  program  would  be  continued,  to  the 
extent  compatible  with  refuge  and  wilderness  objectives. 

KEYWORDS:   Wildlife  refuges  and  ranges,  fish  and  wildlife.  Wilderness  and 
Primitive  Areas,  land  classification. 
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144.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service,  Bureau  of 
Sport  Fisheries  and  Wildlife. 

[n.d.]   Unimak  Island:   Aleutian  Islands  National  Wildlife  Refuge, 
Alaska:   wilderness  proposal.   (Prelim,  draft.)   21  p.,  illus. 
U.S.  Dep.  Inter.  Fish  and  Wildl.  Serv.  Bur.  Sport  Fish  and  Wildl., 
Anchorage. 

Approximately  965,042  acres  of  the  nearly  1-million-acre  Unimak  Island 
appear  suitable  for  inclusion  in  the  National  Wilderness  Preservation  System. 
Nonmotorized  recreational  pursuits  such  as  camping,  hiking,  mountain  climbing, 
sport  hunting  and  fishing,  beachcombing,  picnicking,  berrypicking ,  nature 
study,  outdoor  photography,  and  wildlife  observation  and  study  would  be 
encouraged  in  the  Unimak  Wilderness.   Small  aircraft  and  motorboats  are  the 
established  means  of  access  to  the  island  and  would  continue  to  be  permitted 
with  wilderness  designation.   Motorboats  could  continue  to  be  used  to  reach 
island  beaches  and  lagoons  but  would  not  be  allowed  on  the  interior  lakes. 
Because  they  are  incompatible  with  Wilderness,  vehicles  such  as  jeeps,  trail 
bikes,  snowmobiles,  dune  buggies,  and  all-terrain  vehicles  would  be  prohibited 
within  the  Unimak  Wilderness  Area. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  land  classification,  wildlife 
refuges  and  ranges. 

145.  U.S.  Department  of  the  Interior,  National  Park  Service. 

1971.   Klondike  Gold  Rush  National  Historical  Park,  Alaska.   (Prelim, 
draft.)   43  p.,  illus.   U.S.  Dep.  Inter.  Natl.  Park  Serv.,  Seattle. 

A  special  study,  prepared  as  a  part  of  the  National  Survey  of  Historic 
Sites  and  Buildings,  identified  the  town  of  Skagway  and  the  surrounding 
area--the  Chilkoot  Pass,  White  Pass,  the  town  of  Dyea,  and  the  Klondike  Gold 
Rush  Trail- -as  being  of  "exceptional  value  in  commemorating  the  history  of 
the  United  States."   The  town  of  Skagway  alone  is  not  financially  capable  of 
preserving  and  maintaining  its  historic  sections.   A  cooperative,  interagency 
historic  preservation  effort  is  needed.   The  component  parts  of  the  proposed 
historical  park  would  be:   (1)  Skagway  Historic  District,  (2)  Chilkoot  Pass 
and  Trail,  (3)  White  Pass  and  Trail,  (4)  portions  of  the  townsite  of  Dyea, 
and  (5)  an  international  Klondike  Gold  Rush  Trail.   The  city,  the  State, 
the  U.S.  Government,  the  Canadian  government,  and  the  White  Pass  and  Yukon 
Railroad  would  all  contribute  to  the  preservation  effort,  according  to  the 
plan.   The  report  is  illustrated  with  resource  and  planning  maps  and  contains 
appendixes  describing  the  area  and  its  resources  in  detail. 

KEYWORDS:   National  Parks  and  Monuments,  historical  and  cultural  heritage, 
land  classification,  sites  and  facilities,  administration, 
planning . 


43 


C.   PLANS  AND  PROGRAMS 

146.  Alaska  Consultants. 

1968.   Nome  comprehensive  development  plan.   162  p.   Alaska  Housing 
Auth.,  Anchorage. 

Page  67  is  on  tourism.   Pages  136-139  are  on  parks  and  recreation. 

KEYWORDS:   Planning,  municipal  parks,  tourism. 

147.  Alaska  Consultants. 

1968.   Teller  comprehensive  plan.   105  p.   Alaska  Housing  Auth., 
Anchorage. 

Pages  80-83  are  on  parks  and  recreation. 

KEYWORDS.   Planning,  municipal  parks. 

148.  Alaska  Department  of  Natural  Resources. 

1970.   Alaska  outdoor  recreation  plan,  volume  1  (summary).   42  p., 
illus.   Alaska  Dep.  Nat.  Resour.,  Juneau. 

Volume  1  briefly  summarizes  the  contents  of  the  other  three  volumes 
(149,  150,  151)  and  constitutes  a  document  suitable  for  general  distribution. 
Earlier  plans  qualified  Alaska  for  funds  provided  under  the  Land  and  Water 
Conservation  Fund  Act;  this  plan  updates  those  plans.   Included  are  sections 
on  resource  description,  present  demand,  forecast  demand  and  indicated  needs, 
and  recommendations,  as  well  as  a  statewide  inventory  of  areas  and  facilities 
and  an  analysis  of  user  participation. 

KEYWORDS:   Use  statistics,  use  projections,  sites  and  facilities,  recreation 
inventories,  planning,  administration. 

149.  Alaska  Department  of  Natural  Resources. 

1970.   Alaska  outdoor  recreation  plan,  volume  2:   Outdoor  recreation 
in  Alaska.   180  p.,  illus.   Alaska  Dep.  Nat.  Resour.,  Juneau. 

Volume  2  presents  fundamental  information  about  Alaska's  recreation 
resources,  needs,  and  problem  areas.   One  section  inventories  Alaska's 
recreation  resources,  region  by  region,  including  high  density  areas, 
general  outdoor  recreation  areas,  natural  environment  areas,  unique  natural 
areas,  primitive  areas,  and  historical  and  cultural  sites.   The  study  surveys 
and  analyzes  user  demand,  concentrating  on  14  major  recreation  activities 
under  the  headings:   trail-related  activities  (including  skiing,  climbing, 
bicycling,  etc.),  sightseeing,  driving  for  pleasure,  picnicking,  and  fishing. 
From  these  data,  the  plan  concludes  that  between  1970  and  1975  the  need  for 
recreation  facilities  will  increase  from  50  to  300  percent;  there  will  be  a 
particularly  high  demand  for  more  bicycle  paths,  hiking  and  horseback  riding 
trails,  developed  campsites,  ice  skating  areas,  swimming  pools,  and  developed 
beaches;  urban  areas  will  receive  especially  heavy  demand;  development  of 
joint  access-recreation  facilities  (roadways,  trails,  airstrips,  etc.)  will 
require  special  attention;  existing  areas  and  facilities  will  require 
improvement  and  promotion  to  insure  their  full  utilization. 

KEYWORDS:   Use  statistics,  use  projections,  sites  and  facilities,  planning, 
recreation  inventories,  administration. 
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150.  Alaska  Department  of  Natural  Resources. 

1970.   Alaska  outdoor  recreation  plan,  volume  3:   plan  of  action 
for  implementation.   52  p.,  illus.   Alaska  Dep.  Nat.  Resour., 
Juneau. 

Volume  3  reviews  the  major  recommendations  and  needs  developed  in 
volume  2.   Major  recommendations  are:   (1)  the  State  administration  should 
adopt  a  position  of  strong  leadership  in  matters  affecting  recreation 
planning  and  environmental  conservation  in  Alaska;  (2)  the  finest  features 
of  the  Alaskan  environment  and  potential  recreation  areas  should  be  identi- 
fied and  preserved  as  part  of  a  comprehensive  land-use  planning  procedure; 
(3)  Federal,  State,  local,  quasi-public,  and  private  agencies  should  invest 
in  a  $35  million  to  $45  million  recreation  development  program  between  1970 
and  1975;  (4)  all  levels  of  government  in  Alaska  should  place  special 
emphasis  on  meeting  recreational  needs  in  and  near  cities  and  villages; 
(5)  the  newly  reorganized  Alaska  Outdoor  Recreation  Council  should  be  further 
strengthened  to  become  the  clearinghouse  for  outdoor  recreation  affairs  in 
Alaska;  (6)  Alaska's  systems  of  recreational  access  should  be  enlarged  and 
improved;  and  (7)  provisions  of  the  Land  and  Water  Conservation  Fund  should 
be  revised  to  provide  greater  benefits  to  Alaska.   Volume  3  reviews  present 
recreation  resources  and  projects  needs  and  demands  to  1975.   Allocation  of 
the  jurisdictional  and  funding  responsibilities  of  public,  quasi-public,  and 
private  agencies  is  outlined  in  the  plan;  and  a  schedule  of  acquisition  and 
development  for  all  agencies  is  proposed.   Finally,  the  plan  makes 
recommendations  for  continued  recreation  planning. 

KEYWORDS:   Land-use  planning,  sites  and  facilities,  planning,  administration, 
use  statistics,  use  projections. 

151.  Alaska  Department  of  Natural  Resources. 

1970.   Alaska  outdoor  recreation  plan,  volume  4:   appendixes.   66  p., 
illus.   Alaska  Dep.  Nat.  Resour.,  Juneau. 

Volume  4  contains  the  appendixes  for  the  plan.   Included  are  the 
glossary,  inventory  forms,  programed  inventory  data,  definitions  of 
activities,  the  resident  questionnaire,  the  nonresident  mail-back 
questionnaire,  descriptions  of  techniques  used  for  estimating  demand,  the 
forecasted  needs  for  selected  activities,  and  extensive  bibliography. 

KEYWORDS:   Use  statistics,  use  projections,  bibliography,  sites  and 
facilities,  administration,  planning. 

152.  Alaska  Division  of  Lands. 

[n.d.]   Nancy  Lake  plan,  program,  budget.   69  p.   Alaska  Div.  Lands, 
Anchorage. 

KEYWORDS:   Sites  and  facilities,  planning,  administration. 
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KEYWORDS:   Sites  and  facilities,  management,  planning,  administration.  State 
parks . 
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154.  Alaska  Division  of  Lands,  Branch  of  Parks  and  Recreation. 

1967.   Alaska  public  outdoor  recreation  plans:   an  abstract.   24  p. 
Alaska  Div.  Lands,  Branch  Parks  and  Recreation,  Anchorage. 

This  is  a  general  summary  of  outdoor  recreation  in  the  State,  with 
sections  on  supply,  demand,  needs,  and  action  plans. 

KEYWORDS:   Sites  and  facilities,  use  projections,  planning.  State  parks, 
administration. 

155.  Alaska  Division  of  Parks. 

1974.  Comprehensive  master  plan  for  the  proposed  Wood-Tikchik  State 
Park.   55  p.,  illus.   Alaska  Div.  Parks,  Anchorage. 

KEYWORDS:   Planning,  State  parks,  sites  and  facilities. 

156.  Alaska  Division  of  Parks. 

1975.  Alaska  recreation  trail  plan.   115  p.,  illus.   Alaska  Div. 
Parks,  Anchorage. 

KEYWORDS:   Planning,  trails  and  hiking.  State  parks. 

157.  Alaska  Division  of  Parks. 

1975.   Denali  State  Park:   a  master  plan.   49  p.,  illus.   Alaska 
Div.  Parks,  Anchorage. 

This  master  plan  establishes  guidelines  for  the  development  of  the 
Denali  State  Park  area.   The  foundation  of  the  plan  is  an  analysis  of  the 
park's  environmental  conditions  and  the  current  and  anticipated  trends  of 
recreational  use  and  demand  on  the  area.   In  addition  to  providing  develop- 
ment guidelines,  this  document  serves  as  a  tool  for  management.   The  specific 
conceptual  purposes  of  the  plan  are  to  provide  a  description  of  the  natural 
resources  of  the  park;  to  describe  the  socioeconomic  elements  affecting  the 
area,  including  recreational  demands;  to  provide  a  land-use  plan  which  will 
provide  for  optimum  recreational  use  of  the  area  commensurate  with  preserving 
its  recreational  values;  to  provide  a  staged  implementation  schedule  for  the 
development  plan;  and  to  identify  the  programs  and  staffing  necessary  for  the 
proper  maintenance  and  operation  of  the  park. 

KEYWORDS:   Planning,  State  parks. 

158.  Alaska  Environmental  Group,  The. 

1972.   Chugach  State  Park:   a  summary  development  guide  for  the  park. 
43  p.   Alaska  Div.  Parks,  Anchorage. 

The  report  summarizes  the  long-range  planning  efforts  by  the  Alaska 
Environmental  Group  for  management  of  the  512,000-acre  Chugach  State  Park 
in  south-central  Alaska,  largest  of  the  State  Park  System.   The  report  is  in 
three  sections:   an  inventory  of  environmental  factors,  recommendations  for 
recreational  land  use,  and  guidelines  for  implementation  of  the  plan. 

KEYWORDS:   Planning,  State  parks. 

159.  Alaska  Environmental  Group,  The. 

1972.   Kachemak  Bay  State  Park.   32  p.,  illus.   Alaska  Div.  Parks, 
Anchorage . 

This  report  provides  a  summary  of  the  planning  effort  by  the  authors 
for  Kachemak  State  Park,  on  the  Kenai  Peninsula.   The  material  is  in  three 
sections:   an  environmental  inventory  of  the  park,  a  summary  of  recommended 
uses,  and  guidelines  for  implementation  of  the  plans.   The  report  includes 
black-and-white  photos,  color  maps,  and  tables. 

KEYWORDS:   Planning,  State  parks. 
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160.  Alaska  Environmental  Group,  The. 

1972.   A  summary  development  guide  for  the  Lake  Louise  study  area. 
42  p.,  illus.   Alaska  Div.  Parks,  Anchorage. 

The  purpose  of  this  study  was  to  identify  certain  threatened  environ- 
mental values  in  the  Lake  Louise  study  area  (in  the  Copper  River  Basin,  about 
180  miles  northeast  of  Anchorage)  ,  and  to  develop  a  plan  for  future  use  of 
the  area,  compatible  with  principles  of  wise  use.   The  report  presents  an 
inventory  of  the  natural  and  cultural  environment  of  the  area,  summarizes 
recommended  land  and  water  use,  and  suggests  guidelines  for  implementation 
of  its  recommendations. 

KEYWORDS:   State  parks,  planning. 

161.  Alaska  Housing  Authority. 

1959.   Comprehensive  plan,  Ketchikan,  Alaska.   [n.p.]   Alaska 
Housing  Auth.,  Anchorage. 

Five  pages  are  on  parks  and  recreation. 

KEYWORDS:   Planning,  municipal  parks. 

162.  Alaska  Housing  Authority. 

1959.   Seward  comprehensive  plan.   [n.p.]   Alaska  Housing  Auth., 
Anchorage . 

The  plan  includes  sections  on  parks,  recreation  facilities,  and 
tourism. 

KEYWORDS:   Planning,  municipal  parks,  tourism,  sites  and  facilities. 

163.  Alaska  Housing  Authority. 

1964.  Skagway  comprehensive  plan.   53  p.   Alaska  Housing  Auth., 
Anchorage . 

Pages  37-38  are  on  parks  and  recreation. 

KEYWORDS:   Planning,  municipal  parks. 

164.  Alaska  Housing  Authority. 

1965.  Ketchikan  and  the  Gateway  Borough  comprehensive  plan.   117  p. 
Alaska  Housing  Auth.,  Anchorage. 

Pages  20-22  are  on  tourism,  and  pages  78-79  and  98-99  are  on  parks  and 
recreation. 

KEYWORDS:   Planning,  municipal  parks,  tourism. 

165.  Alaska  Housing  Authority. 

1966.  Bristol  Bay  Borough  comprehensive  development  plan.   175  p. 
Alaska  Housing  Auth.,  Anchorage. 

Pages  67-77  are  on  tourism  and  recreation. 

KEYWORDS:   Planning,  municipal  parks,  tourism. 

166.  Alaska  Housing  Authority. 

1966.   Greater  Sitka  Borough  comprehensive  development  plan.   140  p. 
Alaska  Housing  Auth.,  Anchorage. 

Pages  52-55  and  99-103  are  on  tourism  and  recreation. 
KEYWORDS:   Planning,  municipal  parks,  tourism. 
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167.  Alaska  Housing  Authority. 

1966.  Petersburg  comprehensive  development  plan.   134  p.   Alaska 
Housing  Auth.,  Anchorage. 

Part  of  page  95  is  on  parks,  and  pages  44-47  are  on  tourism. 

KEYWORDS:   Planning,  municipal  parks,  tourism. 

168.  Alaska  Housing  Authority. 

1967.  Palmer  comprehensive  development  plan.   79  p.   Alaska  Housing 
Auth.,  Anchorage. 

Pages  33-35  are  on  parks  and  public  open  spaces. 

KEYWORDS:   Planning,  municipal  parks. 

169.  Alaska  Housing  Authority. 

1968.  Matanuska-Susitna  Borough  comprehensive  development  plan, 
phase  I:   survey  and  analysis.   p.  141-215,  illus.   Alaska  Housing 
Auth.,  Anchorage. 

Pages  141-173  are  on  tourism.   The  plan  contains  references  and  a 
bibl iography . 

KEYWORDS:   Municipal  parks,  planning,  tourism. 

170.  Alaska  Housing  Authority. 

1968.   Wrangell  comprehensive  development  plan.   164  p.   Alaska 
Housing  Auth.,  Anchorage. 

Pages  55-69  are  on  tourism.   Pages  125-126  are  on  parks  and  recreation. 

KEYWORDS:   Planning,  municipal  parks,  tourism. 

171.  Anchorage  Parks  and  Recreation  Department. 

[n.d.]   Five  year  recreation  and  capital  improvement  program, 
1966-71.   [n.p.]   Anchorage  Parks  and  Recreation  Dep. 

KEYWORDS:   Sites  and  facilities,  municipal  parks,  planning,  administration. 

172.  Clark-Coleman  and  Associates. 

1959.   Fairbanks  comprehensive  plan.   77  p.   Alaska  Housing  Auth., 
Anchorage . 

Pages  43-45  are  on  parks  and  recreation. 

KEYWORDS:   Municipal  parks,  planning. 

173.  Scott,  G.  Robert. 

1971.   Captain  Cook  Recreation  Area:   master  plan  report.   22  p., 
illus.   Alaska  Div.  Parks,  Anchorage. 

The  purpose  of  the  study  is  to  provide  a  master  plan  which  will  present 
the  criteria  for  the  development  of  the  Captain  Cook  Recreation  Area.   The 
discussion  includes  analyses  of  the  site  as  a  whole,  special  problems  and 
recommended  treatments  along  with  the  various  facilities  for  optimum  develop- 
ment of  the  park,  including  camping,  boating,  canoeing,  hiking,  organized 
game  areas,  and  winter  sports  such  as  cross-country  skiing  and  snowmobil ing . 
The  project  was  not  yet  funded  at  the  time  the  report  was  published.   The 
document  contains  tables  and  maps. 

KEYWORDS:   Planning,  State  parks. 
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174.  Tryck,  Nyman  and  Hayes. 

1968.  Kodiak  Island  Borough  comprehensive  plan,  1968-1999.   320  p. 
Kodiak  Isl.  Borough. 

KEYWORDS:   Use  projections,  sites  and  facilities,  planning,  municipal  parks, 
administrat  ion. 

175.  U.S.  Department  of  Agriculture,  Forest  Service. 

1972.   South  Tongass  multiple  use  plan:   special  units.   (Semifinal 
draft.)   90  p.,  illus.   U.S.  Dep.  Agric.  For.  Serv.,  South 
Tongass  Natl.  For. 

This  preliminary  plan  divides  the  South  Tongass  into  41  special  geo- 
graphical units.   Each  unit  is  described  briefly  in  terms  of  its  geographical 
features  and  the  current  status  of  its  management.   Public  comments  and  con- 
flicts are  identified  for  each  unit,  management  alternatives  are  outlined, 
and  future  management  direction  is  recommended,  often  on  the  basis  of  public 
input . 

KEYWORDS:   Land-use  planning,  National  Forests,  management,  administration, 
planning . 

176.  U.S.  Department  of  Agriculture,  Forest  Service,  Chugach  National  Forest. 

1972.  Small  boat  recreation  study  and  short  term  development  plan 
for  upper  Prince  William  Sound.  53  p.,  illus.  U.S.  Dep.  Agric. 
For.  Serv.,  Juneau. 

The  purpose  of  the  plan  is  to  develop  key  locations  which  will  serve  as 
convenient  bases  from  which  the  boater  can  pursue  his  particular  form  of 
recreation.   Nine  proposed  improvements  in  these  key  areas  would  involve 
expenditure  of  $111,000.   An  extensive  appendix  contains  full-color  photos 
and  maps  of  the  Prince  William  Sound  area,  weather  information,  and 
engineering  designs  for  boat  tieups. 

KEYWORDS:   Sites  and  facilities,  boating,  land-use  planning.  National  Forests, 
planning,  lakes  and  waterways,  administration. 

177.  U.S.  Department  of  the  Interior,  Bureau  of  Sport  Fisheries  and  Wildlife. 

1969.  Izembek  National  Wildlife  Range,  Alaska,  master  plan.   25  p., 
illus.   U.S.  Dep.  Inter.  Bur.  Sport  Fish,  and  Wildl.,  Portland, 
Oreg. 

KEYWORDS:   Wildlife  refuges  and  ranges,  fish  and  wildlife,  land  classifica- 
tion, administration,  planning,  hunting  and  fishing. 

178.  U.S.  Department  of  the  Interior,  Bureau  of  Sport  Fisheries  and  Wildlife. 

1971.   Arctic  National  Wildlife  Range:   master  plan.   37  p.,  illus. 
U.S.  Dep.  Inter.  Bur.  Sport  Fish,  and  Wildl.,  Anchorage. 

The  goal  of  the  plan  is  to  keep  the  Arctic  National  Wildlife  Range  in 
its  primitive  condition.   Objectives  are  to  limit  use  of  the  Range  by  man, 
to  provide  access  primarily  by  airplane  and  boat,  to  limit  construction  of 
roads  and  trails  as  much  as  possible,  and  to  convert  existing  buildings  along 
the  coast  and  at  Peters  Lake  to  field  stations  and  shelters.   This  publica- 
tion is  directed  at  the  interested  layman  and  is  illustrated  with  photographs. 

KEYWORDS:   Land-use  planning.  Brooks  Range,  wildlife  refuges  and  ranges, 

hunting  and  fishing,  administration,  planning,  management,  fish 
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179.  U.S.  Department  of  the  Interior,  National  Park  Service. 

1955.   A  recreation  program  for  Alaska.   Volume  2  of  part  2, 

Community  and  territorial  recreation,  Alaska  recreation  survey. 
102  p.,  illus.   U.S.  Dep.  Inter.  Natl.  Park  Serv. 

This  is  the  fourth  section  of  the  Alaska  Recreation  Survey,  conducted 
by  the  National  Park  Service  during  the  1950' s.   It  details  an  administrative 
program  for  implementation  by  the  Territory  of  Alaska.   The  eventuality  of 
statehood  is  implicit  in  the  plan.   Included  is  a  narrative  survey  of 
Alaska's  contemporary  recreation  situation,  resources  and  needs,  and  recom- 
mendations for  pertinent  territorial  legislation,  implementation  of  the 
program,  land  acquisition  by  the  Territory  for  recreation  purposes,  and 
appropriate  utilization  of  Federal  aid.   There  is  a  brief  discussion  of 
the  economic  value  of  recreation  resource  development,  followed  by  specific 
recommendations  for  facilities  to  be  provided  by  the  new  territorial 
recreation  administration.   The  bulk  of  the  publication  is  an  inventory  of 
recreation  areas,  most  of  them  along  existing  Alaskan  highways.   The  survey 
is  illustrated  with  photographs  and  charts;  tables  are  included. 

KEYWORDS:  Sites  and  facilities,  recreation  inventories,  planning,  municipal 
parks.  State  parks,  administration,  land  classification,  laws  and 
regulations . 

180.  U.S.  Department  of  the  Interior,  National  Park  Service. 

1971.   A  master  plan:   Katmai  National  Monument,  Alaska.   (Prelim, 
working  draft.)   43  p.,  illus.   U.S.  Dep.  Inter.  Natl.  Park  Serv., 
Seattle . 

Katmai  National  Monument  is  comprised  of  2,792,137  acres  (4,363  square 
miles)  of  largely  wilderness  land.   The  goal  of  the  National  Park  Service's 
master  plan  is  to  preserve  as  much  of  this  area  as  possible  in  its  wilder- 
ness state  for  study  and  the  enjoyment  of  visitors.   The  plan  emphasizes 
visitor  access  to  and  accommodations  in  and  around  the  National  Monument. 
Water  and  air  access  are  primary  within  the  Monument.   The  plan  designates 
10  small  areas  for  primary,  secondary,  and  tertiary  development  of  use  nodes. 
Use  projections  extend  to  the  year  2020.   The  Park  Service  proposes  that  the 
greater  portion  of  Katmai  National  Monument  land  be  classified  as  Primitive 
Area.   Included  in  the  plan  are  numerous  maps,  an  appendix  containing  the 
management  statement  and  objectives  for  Katmai  National  Monument,  a  summary 
of  environmental  factors,  factors  affecting  environment  and  use,  and  pertinent 
legislation. 

KEYWORDS:   National  Parks  and  Monuments,  sites  and  facilities,  land 

classification,  land-use  planning,  use  projections,  planning. 
Wilderness  and  Primitive  Areas. 

181.  Wyller,  Killewich,  VanDoren,  and  Hazard. 

1973.   Battery  Point  Recreation  Area:   master  development  plan.   47  p. 
illus.   Alaska  Div.  Parks,  Anchorage. 

The  Battery  Point  Recreation  Area  Master  Development  Plan  proposes  a 
means  by  which  the  2 , 954 . 43-acre  park  may  be  developed  to  meet  the  needs  of 
Alaska  citizens  from  all  parts  of  the  State,  provide  for  and  attract  visitors 
from  outside  Alaska,  and  protect  the  rights  and  interests  of  local  residents. 
The  Battery  Point  plan  proposes  that  the  park  area  should  be  mult ipurpose- - 
providing  for  the  development  of  trails  ranging  from  those  designed  for  the 
novice  or  elderly  to  those  for  the  experienced  hiker.   The  plan  proposes 
camping  and  picnicking  facilities  which  are  high  on  the  list  of  needs  for  the 
southeast  Alaska  region  and  which  can  be  provided  in  the  Battery  Point  area. 
Finally,  the  plan  emphasizes  interpretation  and  understanding  of  the  history 
of  the  area.   A  three-phase  development  program  is  presented  as  a  logical 
means  by  which  the  plan  may  be  implemented. 

KEYWORDS:   Planning,  State  parks. 
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182.   Wyller,  Killewich,  VanDoren,  [and]  Hazard. 

1973.   Fort  Abercrombie  Historic  Site:   master  development  plan, 
33  p.,  illus.   Alaska  Div.  Parks,  Anchorage. 

The  development  plan  for  Fort  Abercrombie  Historic  Site  proposes  a 
historical  theme.   The  fundamental  aim  of  the  plan  is  to  provide  at  least 
for  stabilization  of  the  Fort  and,  to  the  extent  permitted  by  available 
funds,  the  restoration  of  its  more  significant  parts.   Development  of  this 
site  can  provide  outdoor  recreation  opportunities  for  the  citizens  of 
Alaska  and  can  also  provide  excellent  recreation  experiences  for  the  growing 
numbers  of  visitors  to  Alaska.   The  first  phase  of  development  is  largely 
restricted  to  minimum  improvements  required  to  make  the  site  initially 
usable  and  to  stabilize  the  Fort  remnants.   The  second  phase  proposes  to  make 
essential  physical  improvements  to  the  Fort  and  to  the  area  generally,  and 
to  acquire  additional  land.   The  third  phase  would  provide  for  full  restora- 
tion of  the  area,  additional  creature  comforts,  and  protective  facilities 
and  services  to  prevent  wanton  destruction. 

KEYWORDS:   Planning,  State  parks,  historical  and  cultural  heritage. 
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D.   POLICY  DOCUMENTS 

183.  Alman,  R.  K. 

1969.   Maintenance  and  operation  standards,  Alaska  State  Park  System, 
22  p.,  Alaska  Div.  Lands,  Anchorage. 

KEYWORDS:   State  parks,  management,  administration. 

184.  Conservation  Foundation,  The. 

1961.   A  policy  study  of  outdoor  recreation  potential  in  Alaska. 
141  p.   The  Conservation  Foundation,  New  York. 

This  research  report  was  prepared  for  the  U.S.  Outdoor  Recreation 
Resources  Review  Commission. 

KEYWORDS:   Land-use  planning,  land  classification,  administration,  use 
projections,  planning,  tourism. 

185.  Greater  Anchorage  Area  Borough  Planning  Commission. 

1972.   Parks,  recreation  and  open  space:   standards,  policies  and 
guidelines  for  development  for  the  greater  Anchorage  area.   115  p., 
illus.   Greater  Anchorage  Area  Borough  Plann.  Dep . ,  Tech.  Serv. 
Div.,  Anchorage,  Alaska. 

KEYWORDS:   Administration,  municipal  parks,  sites  and  facilities. 

186.  Saroff,  Jerome  R. 

1967.   Alaska  recreation  and  government  policies.   143  p.,  illus. 
Fed.  Field  Comm.  Dev.  Plann.  Alaska,  Anchorage. 

The  study  prescribes  future  government  policy  to  maximize  Alaska's 
recreation  resources,  with  emphasis  on  integration  of  Federal,  State,  and 
local  recreation  programs.   The  committee  used  a  systems  approach  to  analyze 
the  recreation  situation  in  Alaska  and  offer  solutions  to  problems  and  needs. 
Solutions  offered  reflect  the  committee's  desire  to  break  out  of  the  "demand 
survey"  approach  to  recreation  planning,  and  to  substitute  the  "development" 
approach,  which  would  insure  that  the  agencies  involved  anticipate  the  needs 
of  the  public  rather  than  simply  attempt  to  keep  up  with  those  needs. 
Multiple  use  guidelines  are  rejected  in  favor  of  a  "priority  use"  philosophy. 
A  Bureau  of  the  Budget  could  coordinate  the  activities  of  all  the  agencies 
concerned  with  implementing  recreation  policy.   Recreation  and  access  are 
interdependent;  thus,  one  of  the  major  problems  facing  the  implementation  of 
effective  recreation  resource  policy  has  been  the  lack  of  ongoing  coordination 
between  the  State  recreation  and  highway  agencies.   The  solution  would  be  for 
the  Federal  Highway  Administration  to  see  that  the  intent  of  Federal  guide- 
lines is  followed  by  State  highway  and  recreation  agencies  from  the  inception 
of  a  given  project.   Modes  of  transportation  (air,  water,  highway)  must  be 
fused  into  an  integral  system.   An  alternative  to  the  present  organization 
of  recreation  resources  would  be  a  graduated  hierarchy  of  facilities,  to 
include  wilderness  and  dispersed  and  centralized  facilities  (developed  camp- 
grounds near  major  population  concentrations);  the  liabilities  of  this 
approach  would  be  its  complexity  and  expense.   The  report  includes  tables 
and  a  bibliography. 

KEYWORDS:   Planning,  tourism,  access,  administration. 

187.  U.S.  Department  of  Agriculture,  Forest  Service. 

1971.   Multiple  use  management  guide  for  the  Alaska  region.   U.S. 
Dep.  Agric.  For.  Serv.,  FSH  1212.4,  65  p.,  illus.   Juneau. 

KEYWORDS:   Management,  land-use  planning.  National  Forests,  administration. 
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188.  Ackerman,  Robert  E.  (ed.)  and  others. 

1970.   Ethnohistory  in  southwestern  Alaska  and  southern  Yukon: 

method  and  content.   Univ.  Press  Ky.,  Stud.  Anthropol.  7,  311  p., 
illus.   Lexington. 

KEYWORDS:   Historical  and  cultural  heritage. 

189.  Alaska  Division  of  Parks  [Office  of  History  and  Archaeology]. 

1975.   Alaska  heritage  resource  survey:   index.   175  p.   Alaska  Div. 
Parks  [Anchorage]. 

This  is  the  computer  printout  index  to  "Alaska's  Plan  for  Management 
and  Conservation  of  Heritage  Resources,  1973-1983:   Volume  2,  the  Inventory" 
(191). 

KEYWORDS:   Recreation  inventories,  historical  and  cultural  heritage. 

190.  Alaska  Division  of  Parks,  Office  of  History  and  Archaeology. 

1975.   Alaska's  heritage  resources,  1973-1983:   volume  3,  1975-1976, 
the  annual  preservation  program.   4th  ed.   86  p.,  illus.   Alaska 
Div.  Parks,  Anchorage. 

Volume  3  is  a  status  report  on  the  existing  State  historical  preserva- 
tion effort,  a  discussion  of  long-range  planning,  and  a  projection  of  needs 
during  the  fiscal  years  1976,  1977,  and  1978.  This  volume  of  the  statewide 
historic  preservation  plan  is  revised  annually. 

KEYWORDS:   Historical  and  cultural  heritage. 

191.  Alaska  Division  of  Parks,  Office  of  History  and  Archaeology. 

1975.  Alaska's  plan  for  management  and  conservation  of  heritage 
resources,  1973-1983:  volume  2,  the  inventory.  29  p.,  illus. 
Alaska  Div.  Parks,  Anchorage. 

The  statewide  historic  preservation  plan  for  Alaska,  of  which  this  is 
volume  2,  is  prepared  in  three  sections.   "The  Inventory"  describes  the 
purpose  and  scope  of  the  statewide  inventory  of  historic  and  archeological 
locations;  it  also  presents,  in  an  electronic  data  processing  format,  the 
State's  historic  and  prehistoric  resources  by  thematic  association,  location. 
State  planning  region,  and  ownership  (see  189)  .   This  volume  summarizes  the 
content  of  the  inventory  by  discussing  the  thematic  framework  used  to 
classify  and  compare  Alaska's  historic  resources  and  explains  the  format  and 
capabilities  of  computer  reports  reflecting  the  inventory.   Appendixes 
present  the  inventory  in  selected  arrangements. 

KEYWORDS:   Historical  and  cultural  heritage. 

192.  DeLaguna,  Frederica. 

1956.   Chugach  prehistory:   The  archaeology  of  Prince  William  Sound, 
Alaska.   Univ.  Wash.  Publ.  Anthropol.  13,  289  p.,  illus.   Seattle. 

KEYWORDS:   Historical  and  cultural  heritage. 

193.  DeLaguna,  Frederica,  Francis  A.  Riddell,  and  others. 

1964.   Archaeology  of  the  Yakutat  Bay  area.   Bur.  Am.  Ethnol.  Bull. 
192,  245  p.,  illus.   Smithson.  Inst.,  Washington,  D.C. 

KEYWORDS:   Historical  and  cultural  heritage. 


55 


194.  Endicott,  Wendell. 

1928.   Adventures  in  Alaska  and  along  the  trail.   344  p.   Frederick 
A.  Stokes  Co. ,  New  York. 

KEYWORDS:   Historical  and  cultural  heritage,  scenery. 

195.  Hussey,  John  A. 

1971.   Embattled  Katmai:   a  history  of  Katmai  National  Monument. 
457  p.,  illus.   U.S.  Dep.  Inter.  Natl.  Park  Serv.  Off.  Hist,  and 
Hist.  Archit.,  San  Francisco,  Calif. 

Included  are  an  extensive  bibliography,  black-and-white  photos, 
historic  maps,  and  schematic  drawings. 

KEYWORDS:   Historical  and  cultural  heritage.  National  Parks  and  Monuments. 

196.  Jackson,  Shelton,  D.  D. 

1880.   Alaska  and  missions  on  the  north  Pacific  coast.   400  p.,  illus 
Dodd,  Mead  and  Co.,  New  York. 

KEYWORDS:   Historical  and  cultural  heritage. 

197.  Karr,  H.  W.  Seton. 

1887.   Shores  and  alps  of  Alaska.   248  p.,  illus.   A.  C.  McClurg  and 
Co.,  London  and  Chicago. 

KEYWORDS:   Historical  and  cultural  heritage,  scenery. 

198.  Miller,  Polly. 

1968.   Lost  heritage  of  Alaska.   289  p.,  illus.   World  Publ.  Co., 
Cleveland  and  New  York. 

KEYWORDS:   Historical  and  cultural  heritage. 

199.  Muir,  John. 

1915.   Travels  in  Alaska.   327  p.,  illus.   Houghton  Mifflin  Co., 
Boston  and  New  York. 

KEYWORDS:   Historical  and  cultural  heritage,  scenery,  wilderness  values. 

200.  Pearson,  Grant  H. 

1952.   History  of  Mt .  McKinley  National  Park.   124  p.   U.S.  Dep. 
Inter.  Natl.  Park  Serv.,  Anchorage. 

KEYWORDS:   Historical  and  cultural  heritage.  National  Parks  and  Monuments. 

201.  U.S.  Department  of  the  Interior,  Geological  Survey. 

1899.   Maps  and  description  of  routes  of  exploration  in  Alaska  in 
1898.   138  p.,  illus.   Gov.  Print.  Off.,  Washington,  D.C. 

KEYWORDS:   Historical  and  cultural  heritage. 

202.  U.S.  Department  of  the  Interior,  National  Park  Service. 

1961.   Alaska  history:   1641-1910.   Natl.  Surv.  Hist.  Sites  Build., 
Theme  21:   Political  and  military  affairs,  1865-1910,  spec,  study. 
222  p.,  illus.   U.S.  Dep.  Inter.  Natl.  Park  Serv.,  Washington,  D.C. 

This  report  contains  138  pages  of  history,  69  pages  on  the  survey  of 
historical  sites  and  buildings,  and  a  13-page  bibliography. 

KEYWORDS:   Historical  and  cultural  heritage. 
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203.  U.S.  Department  of  the  Interior,  National  Park  Service. 

1962.   Alaska  aboriginal  culture.   Natl.  Surv.  Hist.  Sites  Build., 
Theme  16:   Indigenous  peoples  and  cultures,  spec,  study.   171  p., 
illus.   U.S.  Dep .  Inter.  Natl.  Park  Serv. 

This  exhaustive  archeological  study  inventories  and  describes  the 
important  Alaskan  sites  discovered  by  1962.   It  contains  an  extensive 
bibliography  and  black-and-white  photographs. 

KEYWORDS:   Historical  and  cultural  heritage. 

204.  Wolfe,  Linnie  Marsh  (ed.). 

1938.   John  of  the  mountains:   the  unpublished  journals  of  John  Muir, 
459  p.,  illus.   Houghton  Mifflin  Co.,  Boston. 

KEYWORDS:   Historical  and  cultural  heritage. 
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205.  Alaska  Northwest  Publishing  Company. 

1971.   Alaska  Magazine's  book  catalog.   36  p.,  illus.   Alaska 
Northwest  Publ.  Co.,  Anchorage. 

KEYWORDS:   Bibliography. 

206.  Alaska  Northwest  Publishing  Company. 

1973.  Subject  index  to  Alaska  Magazine,  1935-1972.   121  p.   Alaska 
Northwest  Publ.  Co.,  Anchorage. 

KEYWORDS:   Bibliography. 

207.  Hoffman,  Joseph  E.,  Jr. 

1970.   Alaska  outdoor  recreation  references.   39  p.   Univ.  Alaska 
Inst.  Bus.,  Econ.  Gov.  Res.,  College  [Fairbanks]. 

This  list  provides  planners,  researchers,  and  students  with  an  index 
of  outdoor  recreation  publications  on  Alaska.   Information  provided  includes 
author,  subject  matter,  and  publisher. 

KEYWORDS:   Bibliography. 

208.  Lada-Mocarski ,  Valerian. 

1969.   Bibliography  of  books  on  Alaska  published  before  1868.   567  p. 
Yale  Univ.  Press,  New  Haven  and  London. 

KEYWORDS:   Bibliography,  historical  and  cultural  heritage. 

209.  Tourville,  Elsie  A. 

1974.  Alaska:   a  bibliography,  1570-1970,  with  subject  index. 
738  p.   G.  K.  Hall,  Boston. 

This  publication  cites  books  and  pamphlets  in  many  languages  and  on  many 
subjects,  including  fiction,  history,  geology,  anthropology,  meteorology, 
travel,  conservation,  hunting,  fishing,  zoology,  mineralogy,  etc.   It  contains 
no  government  publications  except  those  published  in  trade  book  form. 

KEYWORDS:   Bibliography. 
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210.  Alaska  Division  of  Lands. 

1967.  Camping  under  the  midnight  sun.   42  p.,  illus.   Alaska  Travel 
Div . ,  Juneau. 

This  booklet  lists  and  describes  campgrounds  administered  by  the  Alaska 
State  Division  of  Lands,  situated  along  13  major  Alaskan  highways.   It 
includes  maps,  black-and-white  photos,  and  an  introductory  section  of  general 
information  for  recreationists . 

KEYWORDS:   Sites  and  facilities,  highways  and  roads,  camping,  recreation 
inventories,  access. 

211.  Alaska  Division  of  Lands. 

1968.  The  Chilkoot  trail:   a  guide  to  the  goldrush  trail  of  '98. 
20  p.,  illus.   Alaska  Div.  Lands,  Juneau. 

KEYWORDS:   Historical  and  cultural  heritage,  sites  and  facilities,  trails 
and  hiking,  tourism. 

212.  Alaska  Division  of  Lands. 

[n.d.]   Juneau  trail  system,  Juneau,  Alaska.   5  p.,  illus.   Alaska 
Div.  Lands,  Juneau. 

KEYWORDS:   Sites  and  facilities,  historical  and  cultural  heritage,  municipal 
parks,  trails  and  hiking. 

213.  Alaska  Planning  Office. 

1941.   General  information  regarding  Territory  of  Alaska.   176  p., 
illus.   Off.  Gov.,  Juneau. 

This  early  survey  offers  general  information  about  Alaska  for  the 
interested  layman. 

KEYWORDS:   Sites  and  facilities,  historical  and  cultural  heritage,  tourism, 
scenery.  Wilderness  and  Primitive  Areas. 

214.  Anderson,  Roy. 

1946.   Alaska's  recreational  riches.   76  p.   Alaska  Dev.  Board, 
Juneau . 

This  inventory  of  Alaska's  recreational  resources  provides  information 
to  potential  travelers  and  settlers.   The  Alaska  Development  Board  has 
gleaned  facts  from  Federal,  Territory,  and  local  government  agencies 
territory-wide  to  compile  information  on  transportation.  National  Parks  and 
Monuments,  big  game  hunting,  fishing,  sightseeing,  camping,  and  many  other 
forms  of  recreation.   The  bulk  of  the  survey  describes  300  places  to  go  in 
Alaska,  including  urban,  rural,  and  wilderness  points  of  interest. 

KEYWORDS:   Sites  and  facilities,  access,  tourism,  recreation  inventories, 
scenery . 

215.  Boehm,  William  D. 

1975.   Glacier  Bay.   134  p.,  illus.   Alaska  Northwest  Publ.  Co., 
Anchorage . 

This  book  is  a  full-color  pictorial  survey  of  the  scenic  wonders  of 
Glacier  Bay  National  Monument,  seen  through  the  eyes  of  the  author- 
photographer.   It  includes  a  14-  by  20-inch  insert  map  of  the  region. 

KEYWORDS:   Scenery. 
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216.  Brooks,  Paul. 

1962.   Alaska:   the  last  frontier.   Atlantic  210  [3)  :  73- 78  ,  illus. 

Alaska  offers  an  "opportunity  to  practice  the  principles  of  conservation 
that  we  have  learned  elsewhere  at  such  appalling  cost."  The  author  describes 
the  spectacular  features  of  the  Alaska  landscape  as  he  experienced  them. 

KEYWORDS:   State  parks,  wilderness  values,  scenery,  Wilderness  and  Primitive 
Areas . 

217.  Brooks,  Paul. 

1965.   Paul  Brooks  replies.   Atlantic  216(1) :59. 

The  author  responds  to  Ernest  Gruening's  "The  Plot  To  Strangle  Alaska" 
(224).   The  Rampart  Dam  would  destroy  the  habitats  of  waterfowl  and  moose, 
disrupt  the  salmon  runs  on  the  Yukon  River,  displace  native  villages,  and 
generate  more  hydroelectric  power  than  Alaska  is  capable  of  using  in  the 
forseeable  future.  Other  locations  are  better  suited  to  Alaska's  needs  for 
inexpensive  power.   In  the  author's  opinion.  Senator  Gruening  did  not  respond 
to  Mr.  Brooks'  original  arguments  in  opposition  to  the  Rampart  project.   (See 
"The  Plot  To  Drown  Alaska"  (218).) 

KEYWORDS:   Wilderness  and  Primitive  Areas,  wilderness  values,  economic 
development,  Rampart  Dam. 

218.  Brooks,  Paul. 

1965.   The  plot  to  drown  Alaska.   Atlantic  215  (5)  :  53- 59  ,  illus. 

The  proposed  Rampart  Dam  would  create  a  huge  lake  that  would  drown  the 
Yukon  Flats,  destroy  the  habitats  of  numerous  waterfowl,  and  displace  several 
Native  villages.   The  cost  of  the  dam  would  far  outweigh  the  benefits.   Cheap 
hydroelectric  power  could  as  well  be  created  by  a  series  of  smaller  dams  at 
other  sites.   The  author  believes  the  project  to  be  a  make-work  measure  for 
Alaska's  underemployed  residents,  an  attempt  to  bolster  Alaska's  sagging 
economy  without  consideration  for  the  long-range  impact  on  its  more  enduring 
resources.   The  Rampart  Dam  would  not  provide  the  benefits  its  supporters 
claim  it  will. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  economic  development,  Rampart 
Dam,  fish  and  wildlife,  wilderness  values. 

219.  Brown,  Dale,  and  the  Editors  of  Time-Life  Books. 

1972.   Wild  Alaska.   The  American  Wilderness/Time-Life  Books.   179  p., 
illus.   Time,  Inc.,  New  York. 

This  publication  contains  a  narrative  survey  of  the  physical  and 
esthetic  qualities  of  Alaska's  wilderness  and  is  illustrated  with  full-color 
photographs  and  maps.   The  style  is  descriptive,  aimed  at  the  interested 
layman.   Included  is  a  short  bibliography. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  fish  and  wildlife,  wilderness 
values,  scenery. 

220.  Canadian  Government  Travel  Bureau. 

[n.d.]   Alaska  Highway:   road  to  Yukon  adventure.   40  p.,  illus. 
Gov.  Travel  Bur.,  Ottawa,  Can. 

KEYWORDS:   Highways  and  roads,  sites  and  facilities,  scenery,  tourism. 
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221.  Cooley,  Richard  A. 

1967.   Alaska:   a  challenge  in  conservation.   170  p.,  illus.   Univ. 
Wis.  Press,  Madison,  Milwaukee,  and  London. 

The  national  attitude  toward  land--the  space  itself--has  changed  in  the 
last  century  from  a  conquering  one  to  a  conserving  one.   This  "changing 
concept  of  land--the  growing  emphasis  on  the  esthetics  of  land  use--has  deep 
and  far-reaching  implications,  and  it  is  important  that  Alaska's  future  be 
conceived,  her  lands  and  resources  weighed,  in  the  perspective  of  a  new 
national  vision."   In  1959,  the  Federal  Government  provided  for  a  total  of 
104  million  acres  to  be  selected  by  the  new  Alaska  State  government  over  the 
following  25  years,  to  be  managed  and  used  for  the  benefit  of  the  State. 
The  challenge  that  faced  the  new  Alaska  State  Division  of  Lands  in  its 
selection,  classification,  and  management  of  this  vast  land  grant  was  to 
integrate  both  the  need  for  these  land  resources  in  the  development  of  a 
viable  State  economy  and  the  necessity  to  conserve  these  resources  for 
esthetic  purposes--to  preserve  the  unique  frontier  character  of  Alaska.   The 
author  surveys  the  efforts  of  Alaska's  land  agencies  to  evolve  effective 
land-use  policy  and  briefly  analyzes  the  most  serious  obstacles  to  successful 
land-use  planning  in  Alaska.   The  publication  includes  tables,  maps,  and  a 
bibliography. 

KEYWORDS:   Land-use  planning,  land  classification,  wilderness  values,  economic 
development,  management.  Wilderness  and  Primitive  Areas. 

222.  Garret,  W.  E. 

1965.   Alaska's  Marine  Highway.   Natl.  Geogr.   127  (6)  :  776-819 ,  illus. 

KEYWORDS:   National  Forests,  Alaska  Marine  Highway  System,  scenery. 

223.  Gruening,  Ernest. 

1963.   Lonely  wonders  of  Katmai.   Natl.  Geogr.  123  (6)  :  800  -  831 . 

Describes  the  scenic  resources  of  Katmai  National  Monument  in  words  and 
pictures . 

KEYWORDS:   Scenery. 

224.  Gruening,  Ernest. 

1965.   The  plot  to  strangle  Alaska.   Atlantic  216  (1) : 56- 59 . 

Senator  Gruening  responds  to  Paul  Brooks'  article,  "The  Plot  To  Drown 
Alaska"  (218).   The  Rampart  Dam  would  be  economically  advantageous  to  Alaska 
and  would  not  jeopardize  its  wildlife  resource.   Conservationists  who  oppose 
the  project  are  placing  the  needs  of  wildlife  above  the  economic  needs  of 
people  and  are  attempting  to  retard  Alaska's  economic  development. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  wilderness  values,  economic 
development,  Rampart  Dam. 

225.  Hakala,  D.  R. 

[n.d.]   Interpreting  the  Tongass  National  Forest  via  the  Alaska  Marine 
Highway.   83  p.,  illus.   U.S.  Dep .  Agric,  For.  Serv.,  Alaska  Reg., 
Juneau. 

KEYWORDS:   Alaska  Marine  Highway  System,  National  Forests ,  scenery. 
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226.  Hauser,  William  E.   (ed.)- 

1967.   Thirty  hikes  in  Alaska:   Western  Chugach,  Talkeetna,  Kenai. 
70  p.,  illus.   Mountaineering  Club  of  Alaska  and  Seattle 
Mountaineers,  Anchorage  and  Seattle. 

KEYWORDS:   Sites  and  facilities,  Kenai  Peninsula,  trails  and  hiking,  National 
Forests,  wilderness  values,  scenery,  access. 

227.  Hession,  Jack. 

1972.   Showdown  in  Alaska.   Sierra  Club  Bull.  57(2)  :5-8,  illus. 

Under  the  Alaska  Native  Claims  Settlement  Act  of  1971,  the  Secretary  of 
the  Interior  has  the  option  of  selecting  and  withdrawing  up  to  80  million 
acres  from  previously  unreserved  Bureau  of  Land  Management  lands  for  inclusion 
in  the  National  Park  and  National  Forest  Systems.   The  State  of  Alaska  is  in 
competition  with  the  U.S.  Department  of  the  Interior  for  some  of  these  lands. 
The  Secretary  must  act  swiftly  to  insure  that  they  do  not  fall  to  State  and 
private  interests,  which  would  open  them  to  commercial  development  and  the 
possible  destruction  of  irreplaceable  wilderness  resources. 

KEYWORDS:   Land  classification.  Wilderness  and  Primitive  Areas,  economic 

development,  wilderness  values,  Alaska  Native  Claims  Settlement 
Act. 

228.  Hunter,  Celia. 

1970.  Alaskan  wilderness:   going,  going--gone?   Natl.  Parks  and 
Conserv.  Mag.  44 (278) : 11- 15 . 

The  author  feels  that  principles  that  guided  the  proposal  for  the 
Wrangell  Mountains  National  Scenic  Area,  worked  out  by  the  Bureaus  of 
Outdoor  Recreation  and  Land  Management,  should  be  extended  to  all  of  Alaska 
to  prevent  such  degradation  of  scenic  and  recreation  values  as  has  occurred 
in  Mount  McKinley  National  Park  as  a  result  of  mining  activities  there. 

KEYWORDS:   Wilderness  values,  economic  development. 

229.  Krell,  Dorothy  (ed.j. 

1974.   Alaska.   208  p.,  illus.   Lane  Mag.  and  Book  Co.,  Menlo  Park, 
Calif. 

This  hard  cover  pictorial  survey  of  Alaska's  scenic  resources  is 
splendidly  illustrated  with  full-color  and  black-and-white  photographs, 
drawings,  and  maps. 

KEYWORDS:   Scenery. 

230.  Laycock,  George. 

1971.  Alaska:   The  embattled  frontier.   205  p.,  illus.   Houghton 
Mifflin  Co.,  Boston,  in  cooperation  with  Natl.  Audubon  Soc. 

KEYWORDS:   Wilderness  values. 

231.  McClean,  Herbert  E. 

1965.   Jet  age  camping.   Am.  For.  71(7):16-17,  59,  illus. 

KEYWORDS:   Tourism,  sites  and  facilities,  camping.  National  Forests. 
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232.  McCloskey,  Maxine  E.   (ed.) 

1970.   Wilderness:   the  edge  of  knowledge, 
San  Francisco  and  New  York. 


266  p.   Sierra  Club, 


This  collection  of  papers  was  presented  at  the  Sierra  Club's  Eleventh 
Biennial  Wilderness  Conference  (San  Francisco,  Calif.,  March  14,  1969). 
Thirty-six  conservationists,  biologists,  government  officials,  and  wilderness 
travelers  give  wide-ranging  views  of  the  wilderness  value  of  Alaska  and  on 
wilderness  and  wildlife  preservation  generally.   Included  are  some  of  the 
earliest  responses  to  the  announcement  of  the  proposed  Alaskan  oil  pipeline. 
Appendixes  include  the  endangered  species  list,  the  Endangered  Species 
Conservation  Act  of  1969,  Regulations  on  Public  Outdoors  Recreation  Use  of 
Bureau  of  Land  Management  lands,  National  Conservation  Bill  of  Rights,  etc. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  laws  and  regulations,  land 
classification,  wilderness  values. 

233.  Marshall,  Robert. 

1970.  Alaska  wilderness:   exploring  the  Central  Brooks  Range.   2d 
ed.  167  p.,  illus.   Univ.  Calif.  Press,  Berkeley.   (Originally 
published  as  "Arctic  Wilderness.") 

This  is  an  account  of  Robert  Marshall's  travels  by  foot,  boat,  and 
dogsled  into  Wilderness  Areas  north  of  the  Arctic  Circle.   It  is  a  personal 
description  of  the  Alaska  wilderness  in  the  Brooks  Range  in  the  1930's. 
Black-and-white  photographs  are  included. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  Brooks  Range,  trails  and  hiking, 
wilderness  values,  historical  and  cultural  heritage,  scenery. 

234.  Murphy,  Robert. 

1968.   Wild  sanctuaries.   286  p.,  illus.   E.  P.  Dutton  and  Co., 
Inc . ,  New  York. 

KEYWORDS:   Fish  and  wildlife.  Wilderness  and  Primitive  Areas,  wildlife 
refuges  and  ranges,  wilderness  values. 

235.  Post,  Austin,  and  Edward  R.  LaChapelle. 

1971.  Glacier  ice.   Univ.  Wash.  Press,  Seattle  and  London. 

KEYWORDS:   Scenery. 
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1968.   State  of  Alaska's  guides.  Alaska  Sportsman  34(11)  :6-10,  52-53, 
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237.  Rearden,  Jim. 

1972.   Our  last  wilderness  revisited,  part  1:   pied  pipers  of  Alaska. 
Outdoor  Life  149 (3) : 59- 61 ,  204,  206,  208,  illus. 

The  human  and  physical  impact  of  the  trans-Alaska  pipeline  on  the  Brooks 
Range  environment  has  already  begun.   More  and  more  people  visit  the  Range, 
hunting  laws  and  regulations  are  ignored,  illegal  roads  are  cut  into 
Wilderness  Areas,  and  wildlife  habitats  and  migration  routes  are  disrupted. 
The  promise  of  immediate  financial  rewards  has  overshadowed  the  need  for 
careful  planning  to  minimize  the  destruction  of  large  parts  of  the  Alaska 
environment  by  the  oil  industry. 

KEYWORDS:   Brooks  Range,  Wilderness  and  Primitive  Areas,  laws  and  regulations, 
hunting  and  fishing,  wilderness  values,  fish  and  wildlife. 

238.  Rearden,  Jim. 

1972.   Our  last  wilderness  revisited,  part  2:   the  Brooks  Range  today. 
Outdoor  Life  149 (4) : 64- 67 ,  124,  126,  128,  130,  132,  illus. 

Alaska's  wilderness  is  its  most  enduring  valuable  resource.   The  State 
of  Alaska  has  not  lived  up  to  its  responsibility  to  see  that  the  development 
and  exploitation  of  Alaskan  oil  are  not  at  the  expense  of  her  wilderness. 
This  second  of  two  articles  on  the  Brooks  Range  contains  a  vivid  account  of 
the  author's  Dall-ram  hunting  expedition. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  Brooks  Range,  hunting  and  fishing, 
wilderness  values,  wildlife  refuges  and  ranges,  fish  and  wildlife. 

239.  Rogers,  George  W. 

1960.   Alaska  in  transition:   the  southeast  region.   384  p.,  illus. 
The  Johns  Hopkins  Press,  Baltimore. 

KEYWORDS:   Economic  development,  economic  analysis. 

240.  Rogers,  George  W. 

1962.   The  future  of  Alaska:   economic  consequences  of  statehood. 
311  p.,  illus.   The  Johns  Hopkins  Press,  Baltimore. 

The  book  includes  a  major  discussion  of  the  future  development  of 
Alaska's  natural  resources.   Alaska's  most  valuable  resource  is  its 
wilderness . 

KEYWORDS:   Use  projections,  fish  and  wildlife.  Wilderness  and  Primitive 
Areas,  tourism,  economic  development,  wilderness  values. 

241.  Schafer,  Martin  F. 

1968.  The  Alaska  travel  story.   10th  Annu .  Conf.  West.  Counc . 
Travel  Res.  Proc.   1968:  125-134.   [Univ.  Utah,  Salt  Lake  City.] 

KEYWORDS:   Tourism. 

242.  U.S.  Department  of  Agriculture,  Forest  Service. 

1969.  Alaska  wilderness  in  perspective.   7  p.   U.S.  Dep.  Agric. 
For.  Serv.  ,  Juneau. 

The  need  for  the  wilderness  resource  must  be  considered  together  with 
the  demand  for  other  resources- -timber ,  minerals,  etc.   In  the  weighing 
process,  the  need  for  wilderness  must  be  analyzed  separately  to  establish 
its  relative  value. 

KEYWORDS:   Land  classification,  land-use  planning.  Wilderness  and  Primitive 
Areas,  administration. 
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243.  U.S.  Department  of  Agriculture,  Forest  Service. 

1971.   National  Forest  facts:   Alaska  region,  1971.   19  p.   U.S.  Dep . 
Agric.  For.  Serv.,  Juneau. 

KEYWORDS:   Fire  and  fire  control,  land  classification.  National  Forests. 

244.  U.S.  Department  of  Agriculture,  Forest  Service. 

[n.d.]   Granite  Fiords  wilderness  study  area,  Tongass  National 

Forest,  Alaska.   4  p.,  illus.   U.S.  Dep.  Agric.  For.  Serv.,  Juneau. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  scenery. 

245.  U.S.  Department  of  Agriculture,  Forest  Service. 

[n.d.]   Mendenhall  recreation  area.   8  p.   U.S.  Dep.  Agric.  For. 
Serv . ,  Juneau. 

KEYWORDS:   Use  statistics,  sites  and  facilities,  use  projections.  National 
Forests . 

246.  U.S.  Department  of  Agriculture,  Forest  Service. 

[n.d.]   Nellie  Juan  wilderness  study  area,  Chugach  National  Forest, 
Alaska.   4  p.,  illus.   U.S.  Dep.  Agric.  For.  Serv.,  Juneau. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  scenery. 

247.  U.S.  Department  of  Agriculture,  Forest  Service. 

[n.d.]   Tracy  Arm  wilderness  study  area,  Tongass  National  Forest, 
Alaska.   4  p.,  illus.   U.S.  Dep.  Agric.  For.  Serv.,  Juneau. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  land  classification.  National 
Forests . 

248.  U.S.  Department  of  tlie  Interior. 

1967.   Natural  resources  of  Alaska.   76  p.,  illus.   U.S.  Dep.  Inter., 
Off.  Seer.,  Off.  Inf.,  Washington,  D.C. 

This  publication  is  a  general  survey  for  the  interested  layman.   It 
covers  history,  mineral  resources,  fish  and  wildlife,  outdoor  recreation, 
water  and  power  resources,  and  forests  and  includes  brief  descriptions  of 
current  programs  of  the  Federal  natural  resource  agencies. 

KEYWORDS:   Historical  and  cultural  heritage.  State  parks,  fish  and  wildlife, 
National  Parks  and  Monuments,  wildlife  refuges  and  ranges,  sites 
and  facilities,  scenery.  National  Forests. 

249.  U.S.  Department  of  the  Interior,  Bureau  of  Outdoor  Recreation. 

1966.  Guides  to  outdoor  recreation  areas  and  facilities.   36  p., 
illus.   U.S.  Dep.  Inter.  Bur.  Outdoor  Recreation,  Washington,  D.C. 

KEYWORDS:   Sites  and  facilities,  recreation  inventories. 

250.  U.S.  Department  of  the  Interior,  Bureau  of  Sport  Fisheries  and  Wildlife 

1967.  Wilderness  study  area:   Bogoslof  Island,  Alaska.   8  p.,  illus. 
U.S.  Dep.  Inter.  Bur.  Sport  Fish,  and  Wildl.,  Kenai,  Alaska. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  fish  and  wildlife,  wildlife 
refuges  and  ranges,  scenery,  hunting  and  fishing. 
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251.  U.S.  Department  of  the  Interior,  Bureau  of  Sport  Fisheries  and  Wildlife. 

1967.  Wilderness  study  areas:  St.  Lazaria,  Hazy  Islands,  Forrester 
Island  National  Wildlife  Refuges,  Alaska.  8  p.,  illus.  U.S.  Dep . 
Inter.  Bur.  Sport  Fish, and  Wildl.,  Anchorage. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  fish  and  wildlife,  wildlife 
refuges  and  ranges,  scenery. 

252.  U.S.  Department  of  the  Interior,  Bureau  of  Sport  Fisheries  and  Wildlife, 

1967.   Wilderness  study  area:   Tuxedni  National  Wildlife  Refuge, 
Alaska.   8  p.,  illus.   U.S.  Dep.  Inter.  Bur.  Sport  Fish,  and 
Wildl.,  Kenai,  Alaska. 

KEYWORDS:   Wilderness  and  Primitive  Areas,  fish  and  wildlife,  wildlife 
refuges  and  ranges,  scenery,  hunting  and  fishing. 

253.  U.S.  Department  of  the  Interior,  Bureau  of  Sport  Fisheries  and  Wildlife, 

1972.  To  have  and  to  hold.   15  p.,  illus.   Gov.  Print.  Off., 
Washington,  D.C. 

KEYWORDS:   Fish  and  wildlife,  wilderness  values. 

254.  U.S.  Department  of  the  Interior,  Division  of  Territories  and  Island 
Possess  ions . 

1946.   Alaska.   65  p.,  illus.   Gov.  Print.  Off.,  Washington,  D.C. 

KEYWORDS:   Fish  and  wildlife,  wildlife  refuges  and  ranges,  historical  and 
cultural  heritage,  tourism,  laws  and  regulations,  scenery. 

255.  U.S.  Department  of  the  Interior,  Office  of  Territories. 

1952.   Mid-century  Alaska.   170  p.,  illus.   Gov.  Print.  Off., 
Washington,  D.C. 

KEYWORDS:   National  Parks  and  Monuments,  tourism,  historical  and  cultural 
heritage,  laws  and  regulations. 

256.  Washburn,  Bradford. 

1971.  A  tourist  guide  to  Mt .  McKinley.  79  p.,  illus.  Alaska  Publ. 
Co .  ,  Anchorage. 

KEYWORDS:   Tourism,  National  Parks  and  Monuments,  scenery. 

257.  Wilderness  Society,  The. 

1973.  Alaska:   where  40  Yellowstones  are  threatened.   Wilderness 
Rep.  10(2):l-8,  illus. 

This  publication  outlines  the  Wilderness  Society's  proposals  for  classi- 
fication of  the  lands  withdrawn  and  reserved  by  the  Secretary  of  the  Interior 
in  accordance  with  the  Alaska  Native  Claims  Settlement  Act.   It  includes  a 
map  and  brief  descriptions  of  22  areas  the  Wilderness  Society  recommends  for 
inclusion  in  the  National  Park  and  Wildlife  Refuge  Systems. 

KEYWORDS:   Wilderness  values,  land  classification,  Alaska  Native  Claims 
Settlement  Act. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture  is  dedicated 
to  the  principle  of  multiple  use  nnanagement  of  the  Nation's  forest  resources 
for  sustained  yields  of  wood,  water,  forage,  wildlife,  and  recreation. 
Through  forestry  research,  cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater  service  to 
a  growing  Nation. 

The  U.S.  Department  of  Agriculture  is -ari  Equal  Opportunity  Employer. 
Applicants  for  all  Department  programs  will  be  given  equal  consideration 
without  regard  to  race,  color,  sex  or  national  origin. 
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Metric  conversions 


1,000  acres 

1,000  cubic  feet 

1  ton 

1  pound 


404.69  hectares 
28.3  cubic  meters 
0.9072  tonne 
0.4536  kilogram 


INTRODUCTION 

The  purpose  o£  land  use  planning 
on  National  Forests  is  "to  promote  the 
accomplishment  o£  servicewide  objec- 
tives and  targets"  subject  to  the 
land's  potential  and  the  public's 
desires  (USDA  Forest  Service  1973a) . 
To  assure  that  this  objective  is  met, 
the  Forest  Service  has  established 
guidelines  for  land  use  planning  (USDA 
Forest  Service  1973a) .   These  guide- 
lines are  broad  enough  for  considerable 
latitude  in  choice  of  planning  tool. 
The  National  Forests  in  the  Pacific 
Northwest  Region  have  tried  a  number 
of  comprehensive  planning  tools  ranging 
from  the  computer  complexities  of 
Resource  Capability  System  (USDA  Forest 
Service  1973b)  to  the  overlays  proposed 
by  McHarg  (1969).   However,  the  most 
common  tool  used  is  a  formulation  of 
linear  programing  (L-P)  in  which  vari- 
ous average  annual  outputs  are  maxi- 
mized or  constrained  according  to 
alternative  management  schemes  applied 
to  specified  acreages.   In  situations 
where  a  goal-oriented  planning  frame- 
work exists,  modification  of  the  L-P 
model  to  make  it  a  goal  programing 
model  can  provide  increased  flexi- 
bility in  the  land  use  planning  process. 

The  purpose  of  this  paper  is  to 
present  a  representative  formulation 
of  the  L-P  application  and  show  how  it 
may  be  modified  for  goal  programing. 
In  addition,  various  considerations 
and  restrictions  will  be  discussed  so 
that  land  use  planners  and  others 


interested  in  these  techniques  can 
become  aware  of  the  assumptions  and 
problems  involved  in  their  application. 

LINEAR  PROGRAMING  IN  UNIT  PLANNING 
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Next,  major  present  and  potential 
outputs  are  identified  for  each  analysis 
unit,  and  alternative  management  acti- 
vities are  drawn  up  emphasizing  each 
output  respectively  but  recognizing 
other  outputs  that  jointly  occur.   The 
potential  average  annual  outputs  per 
acre  and  inputs  are  quantified  for  each 
activity.   Table  1,  which  was  developed 
for  a  particular  analysis  unit  under 
present  levels  of  inputs,  shows  an 
example  of  information  produced  by  this 
procedure.   The  rows  represent  the 
major  outputs,  and  the  columns  show  the 
per-acre  outputs  associated  with  the 
alternative  management  activities.   For 
instance,  if  we  wish  to  emphasize  graz- 
ing on  an  acre  of  this  unit,  we  can 
expect  to  annually  produce  150  pounds 
of  forage,  0.5  potential  visitor-days 
of  dispersed  recreation,  0.8  acre-feet 


Table  1- -Example    of  an    individual    analysis    unit    output   matrix 


Management  activity 

Output 

per  acre 

Dispersed 
recreation 

Grazing 

Wilderness 

Timber 

(M  fbm) 

0 

0 

0 

Forage 

(lb) 

100.0 

150.0 

100.0 

Dispersed  recreation 

2.0 

.5 

.1 

(visitor  days) 

Water 

(acre-ft) 

.8 

.8 

.8 

Sediment  (tons) 

4.0 

4.0 

3.0 

Wilderness  (acres) 

0 

0 

1.0 

of  water,  4.0  tons  of  sediment,  and 
no  wilderness. 

The  next  step  is  to  combine  the 
results  of  the  above  procedure  applied 
to  each  analysis  unit  into  a  matrix 
suitable  for  L-P  such  as  is  shown  in 
figure  1.   For  this  example,  the  three 
units  to  be  analyzed  are  identified  as 
lA,  3A,  and  6A.   Unit  lA  is  similar  to 
the  unit  shown  in  table  1.   The  column 
labels  identify  the  primary  output 
emphasis  such  as  dispersed  recreation, 
forage,  and  wilderness  of  the  various 
management  activities. 

Next,  the  resource's  productive 
potential  is  considered  when  desired 
output  levels  for  the  planning  unit 
are  established.   These  output  goals 
are  placed  on  the  right-hand  side  of 
the  matrix  and  set  up  as  constraints 
below  or  above  which  the  output  is 
desired  to  be  restricted.   For  example, 
in  figure  1  the  output  of  sediment  has 
been  restricted  to  less  than  or  equal 
to  235,000  tons  per  year  for  the 
planning  unit. 

Finally,  acreage  and  other  special 
constraints  must  be  added  to  the  matrix. 
The  acreage  constraints  require  that 
the  number  of  acres  managed  under  the 
various  management  activities  for  a 
particular  analysis  unit  be  less  than 
or  equal  to  the  number  of  acres  in  that 
unit.   In  figure  1,  the  acres  managed 
in  units  lA,  3A,  and  6A  must  equal 
10,000,  15,000,  and  20,000,  respectively. 


objective  function,  the  data  are  sub- 
mitted to  an  appropriate  computer 
program  for  solution. 
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ASSUMPTIONS  IN  PROGRAMING  FOR 
UNIT  PLANNING 

The  planner  must  be  aware  of 
several  problems  with  the  overall 
procedure.   In  addition  to  the  often 
recognized  problems  of  poor  data, 
insufficient  analysis,  and  failure  to 
consider  enough  alternatives,  some 
assumptions  inherent  in  the  linear 
programing  formulation  must  also  be 
considered . 


With  the  standard  linear  program-  First  is  the 

ing  format,  any  row  (output)  may  be  analysis  unit  is  h 

chosen  as  the  objective  function  and  is,  for  each  unit, 

minimized  or  maximized  as  desired.  same  as  the  averag 

However,  it  should  be  noted  that  only  analysis.   This  is 

one  objective  function  can  be  specified  but  to  the  extent 

at  any  one  time  with  the  other  goals  to  select  homogene 

as  constraints.   For  figure  1,  the  this  problem  can  b 

objective  of  maximizing  timber  produc-  some  cases,  divisi 

tion  was  chosen.   After  compilation  of  may  be  necessary  t 

the  matrix  and  specification  of  the  degree  of  homogene 
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many  units,  though, 
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puter  storage  capaci 
In  other  cases,  aggr 
units  may  result  in 
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that  are  entirely 
ucing  computer  and 
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Second,  it  is  assumed  that  the 
management  program  on  one  acre  will 
not  affect  the  output  on^  a  neighboring 
acre.   In  the  case  of  timber  management 
this  may  be  fairly  true,  but  a  clearcut 
next  to  a  campground  could  conceivably 
affect  the  number  of  visitor-days.   In 
some  cases,  this  problem  may  be  sur- 
mounted by  establishing  special  con- 
straints to  assure  buffer  zones  between 
incompatible  outputs  such  as  was  done 
in  figure  1  for  developed  recreation. 
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Fifth,  as  previously  mentioned, 
linear  programing  allows  only  one 
objective  or  goal  to  be  maximized  or 
minimized.   In  the  multiple  use  manage- 
ment required  on  National  Forests, 


numerous  (often  conflicting)  objectives 
exist.   One  solution  to  this  fifth 
assumption  is  a  technique  called  goal 
programing.   For  a  discussion  of  other 
solutions,  see  Cohon  and  Marks  (1975). 

GOAL  PROGRAMING  FOR  MULTIPLE 
USE  DECISIONS 

In  situations  where  more  than  one 
objective  exists,  conflicts  between  the 
objectives  are  certain  to  arise  when  we 
seek  optimal  solutions.   Charnes  and 
Cooper  (1961)  proposed  a  technique 
called  goal  programing  (G-P)  designed 
to  handle  this  type  of  situation.   G-P 
is  a  unique  approach  to  the  problem  of 
trying  to  achieve  a  set  of  simultane- 
ously unattainable  goals  such  as  is 
often  found  in  multiple  use  management. 
The  approach  consists  of  minimizing  the 
difference  between  the  solution  and  the 
goals  instead  of  maximizing  or  minimiz- 
ing the  objective  function  in  the 
traditional  sense. 
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technical  terms  how  G-P  ma 
and  some  of  the  problems  t 
encountered. 
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There  are  a  number  of  G-P  formula- 
tions, but  for  our  purposes  an  illus- 
tration of  the  linear  equation  form 
will  be  sufficient.   Mathematically, 
this  type  of  goal  program  can  be 
expressed  as : 


Minimize:    J^   (w,.d.  -•■  '^ji^O 
i  =  l 

Subject  to:   AX  -*•  Id"  -  Id""  =  G 

BX  =  C 


X.>  0  j  =  1,  .  .  .m 

dT,  d^  1  0  i  =  1,.  .  .n 


Where:   d  ,  d 


li '   2i 


n,  m,  and  c 


the  vectors 
(n  X  1)  of  the 
negative  and 
positive  devia- 
tional  variables, 
respectively. 
These  represent 
the  solution's 
deviation  from 
the  goal  vector, 
G(n  X  1) . 

the  weights  and/ 
or  priorities 
for  the  devia- 
tional  variables. 
Lee  (1971)  has 
proposed  pre- 
emptive ranking, 
and  Dyer  (1972) 
has  proposed 
subj  ectively 
determined  cardi- 
nal scales. 

the  matrix  (n  x  m) 
representing  the 
relation  between 
the  decision 
variables  vector, 
X(m  X  1) ,  and 
the  goal  vector, 
G(n  X  1) .   In 
practice,  the 
decision  vari- 
ables vector 
often  represents 
inputs  which  are 
transformed  by 
the  A  matrix  to 
obtain  the 
desired  outputs 
or  goals. 

the  identity 
matrix. 

the  matrix 
(c  X  m)  of 
coefficients 
which  relate  the 
decision  variables 
to  the  constraint 
vector ,  C(c  x  1) . 

the  number  of 
goals,  decision 
variables,  and 
constraints , 
respec*"ively . 


APPLICATION  OF  GOAL  PROGRAMING 
TO  LAND  USE  PLANNING 

Several  applications  of  goal 
programing  exist  in  forestry,  beginning 
with  Field's  (1973)  general  article  in 
"Forest  Science."   Basically,  two 
types  of  computer  programs  have  been 
used  in  these  applications,  standard 
L-P  and  Lee's  (1972)  G-P.   A  standard 
L-P  solution  package  has  been  used  by 
Rustagi  (1973)  in  analyzing  reforesta- 
tion decisions  and  by  Porterfield 
(1973)  in  analyzing  genetic  programs. 
This  procedure  allows  only  valuing  of 
goals  according  to  their  importance 
without  considering  pre-emptive  priori- 
ties.  Pre-emptive  priorities  are  a 
procedure  for  ensuring  that  a  goal  of 
higher  priority  is  completely  satisfied 
before  one  of  lesser  priority  is 
considered.   The  special  G-P  program 
by  Lee  (1972)  allows  one  to  set  pre- 
emptive priorities  for  the  goals  in 
addition  to  the  cardinal  values  or 
weights  within  a  given  priority  level. 
Thus,  Lee's  program  can  do  all  the  L-P 
version  can  and  more.   Unfortunately, 
the  program  is  restricted  to  approxi- 
mately 125  activities,  whereas  land 
use  planners  often  develop  over  1,000. 
It  also  requires  considerable  storage 
space  and  appears  to  be  inefficient  in 
its  use  of  computer  time.   Modifications 
by  Monteith  and  Colby  (1974)  and 
particularly  Bottoms  £'  have  partially 
overcome  these  size  and  efficiency 
problems . 

The  decision  to  use  L-P  for  goal 
programing  rests  on  a  number  of  factors. 
First,  L-P  solution  procedures  are 
readily  available  whereas  Lee's  G-P 
may  not  be.   Second,  many  land  use 
planning  problems  are  too  large  even 
for  the  expanded  version  of  Lee's 
program.   And  finally,  the  use  of  pre- 
emptive priorities  can  be  approximated 
by  appropriate  weights. 

Application  of  the  L-P  solution 
procedure  to  goal  programing  in  land 
use  planning  is  relatively  simple. 
Basically  it  involves  adding  an  objec- 
tive function  and  explicitly  recogniz- 
ing the  deviational  variables  in  the 
matrix  formulation.   As  an  example, 
figure  2  shows  the  results  of  this 
operation  on  figure  1.   For  each  goal 
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Kenneth  E.  Bottoms,  Department  of 


Range  Science,  Colorado  State  University, 
Fort  Collins,  personal  letter,  May  12,  1975. 
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Figure  2 .--Planning  unit  annual   output  matrix  set  up  for  linear  programi. 
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"equal  to"  row  and  both  the  plus  and 
minus  deviational  variables  should  be 
added.   In  figure  2,  the  other  neces- 
sary slack  and  artificial  variables 
needed  to  achieve  the  solution  are 
assumed  to  be  added  by  the  L-P  computer 
program. 
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-  Units  per  acre  
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M  fbm 
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lb 

Valw.  per 
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Value  per 
visitor-day 

Value  per 
acre- ft 
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0.12               0.14 
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with  goal  programing  slacks  and  objectives  added  for  three  land  units. 


2.000 


= 

10,000 

= 

15.000 

1 

1              1 

= 

20,000 

1 

> 

0 

by  varying  goal  levels,  the  deviation 
weights,  or  both  as  shown  in  table  2. 

This  particular  example  assumes 
that  the  goals  are  the  five  rows-- 
timber,  forage,  developed  recreation, 
dispersed  recreation,  and  water--and 
that  the  right-hand- side  values  in 
figure  2  express  the  desired  goal 
levels.   Other  types  of  goals  could  be 
added.   Also,  this  formulation  assumes 
that  we  are  concerned  with  underachieve- 
ment  of  these  goals  and  that  no  penalty 
exists  for  overachievement . 
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Table  2- -Alternative    goals    and   weights    and    their   assoaiated   outputs 


Type  of  output 

Units 

Goal 

Alternative 

weights- 

A 

B 

C 

Goal  set  1: 
Timber 
Forage 

M  fbm 
Lb 

7,000 
8,000,000 

6 
8,000 

019 
000 

8 

6 
,000 

375 
000 

8 

6 
,000 

019 
000 

Developed 
recreation 

Man-days 

2,000 

2 

000 

2 

000 

2 

000 

Dispersed 

recreation 
Water 

Man-days 
Acre-ft 

135,000 
27,000 

135 

27 

000 
000 

115 

27 

752 
000 

135 
27 

000 
,000 

Goal  set  2: 
Timber 
Forage 

M  fbm 
Lb 

6,000 
7,700,000 

5 
7,700 

303 
,000 

7 

6 
,819 

000 
,875 

7 

5 
,697 

300 
375 

Developed 
recreation 

Man-days 

75,000 

75 

000 

75 

,000 

75 

,000 

Dispersed 

recreation 
Water 

Man-days 
Acre-ft 

190,000 
27,000 

147 
27 

,342 
,004 

137 

27 

,875 
,004 

147 
27 

,375 
,004 

-  The  weights  used  for  the  objective  function  in  column  A  were  10,  10,  10,  10, 
and  10  for  timber,  forage,  developed  recreation,  dispersed  recreation,  and  water, 
respectively;  likewise  the  weights  were  1,000,  100,  1,  10,  and  10  for  column  B  and 
10,  10,  1,000,  1,000,  and  500  for  column  C. 


To  the  extent  that  these  values 
are  comparable,  the  two  methods  may 
produce  similar  results  even  though 
L-P  maximizes  the  value  of  the  output 
and  G-P  minimizes  the  difference 
between  the  goals  and  the  outputs. 
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value  of  the  discrepancy  between  the 
goal  and  what  is  possible  if  we  assume 
the  same  price  structure.   Thus,  situa- 
tions exist  where  an  L-P  type  formula- 
tion will  produce  a  different  solution 
from  the  G-P  formulation  even  though 
prices  are  assumed  to  be  linear  with 
output . 

IMPLEMENTATION  CONSIDERATIONS 
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Figure  3. — Linear  programing  formulation 
for  two  outputs. 


GOALS 

One  way  of  setting  the  goals  is 
to  use  the  current  output  figures  for 
the  planning  unit.   This  implies  that 
the  present  situation  is  ideal,  which 
may  not  be  true.   Another  way  is  to 
solve  the  matrix  with  very  low  goal 
levels  for  the  important  outputs  and 
see  what  outputs  the  solution  produces. 
Then  these  outputs  or  biological  capa- 
bilities can  be  modified  by  public 
opinion  and  the  manager's  input  and 
can  be  used  as  the  goals.   Finally, 
the  planner  can  avoid  all  responsibility 
by  requiring  the  manager  to  construct 
some  appropriate  goals  and  their 
levels.   This  latter  alternative  may 
not  be  as  bad  as  it  sounds  since  the 
manager  has  the  responsibility  for 
setting  the  goals  in  the  first  place 
and  is  often  in  the  best  position  to 
realize  the  desires  of  the  public.   In 
any  case,  the  goals  initially  set  need 
not  remain  fixed  for  all  solutions  but 
may  be  varied  to  test  the  sensitivity 
of  the  solution  or  may  be  modified 
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As  discussed  earlier,  Lee's  G-P 
program  can  handle  priorities  or 
weights  or  both,  but  the  L-P  formula- 
tion of  G-P  outlined  in  this  paper  can 
use  only  weights.   In  addition  to 
expressing  relative  values,  variations 
in  the  weights  may  compensate  for  goals 
stated  in  various  kinds  of  units.   This 
allows  complete  freedom  to  measure  each 
goal  in  its  appropriate  unit  such  as 
dollars,  board  feet,  acres,  and  visitor- 
days  . 


Priorit 
to  establish 
goals.  That 
priority  mus 
possible)  be 
goals  is  con 
(1972,  p.  22 
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ies :      Priorities  are  used 
absolute  dominance  among 
is,  a  goal  with  a  high 
t  be  satisfied  (as  far  as 
fore  any  lower  priority 
sidered.   Contrary  to  Lee's 
)  assumption,  the  applica- 
rities  is  not  synonymous 

ranking  but  requires  the 
hat  achievement  of  a  high 
1  is  more  desirable  than 
of  even  a  small  amount  of 
the  next  lowest  priority. 
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Although  the  use  of  priorities 
relieves  the  planner  of  the  task  of 
establishing  cardinal  values  for  weights, 
few  planners  seem  willing  to  let  the 
computer  determine  the  cardinal  values . 
Because  of  this,  some  guidelines  are 
needed  for  the  establishment  of  the 
alternative  method,  the  use  of  weights. 


The    Churchman-Ackoff   Technique : 
One  way  to  obtain  relative  weights  for 
the  deviational  variables  in  the  G-P 
objective  is  the  Churchman-Ackoff  (C-A) 
technique.   This  technique  was  origi- 
nally developed  by  Churchman  and  Ackoff 
(1954)  to  obtain  consistent  relative 
values  for  alternative  outcomes.   It 
has  been  used  subsequently  by  Turban 
and  Metersky  (1971)  among  others. 

This  technique,  sometimes  referred 
to  as  "two  stage  rating,"  is  proposed 
here  primarily  because  of  the  success 
others  have  had  in  similar  situations. 
Other  techniques  classified  as  "multiple- 
regression"  and  "hybrid  rating  - 
regression"  (see  Huber  1974)  have  been 
developed.   However,  the  C-A  method 
seems  preferable  because  it  provides 
consistent  relative  values  with  minimum 
effort . 

If  (1)  weights  or  values  do  exist, 
(2)  these  values  correspond  to  the 
importance  of  the  outputs,  and  (3)  the 
addition  of  values  can  be  associated 
with  the  addition  of  outputs,  then  the 
C-A  technique  is  valid.   Basically, 
the  procedure  which  is  necessary  to 
develop  consistent  relative  values 
involves  the  following  process,  illus- 
trated by  a  simple  example: 


1' 


1.   Assuming  we  have  four  outputs,  0 
02,  O3 ,  and  O4 ,  to  value;  the 
first  step  involves  ranking  them 
by  preference.   In  this  case  we 
will  assume  that  the  subscripts 
indicate  our  ranking  with  the 
lowest  number  being  the  most 
preferred. 
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^1 

=  1.00 

^2 

=  0.70 

V3 

=  0.50 

V. 

=  0.40 

where  the  subscripts  correspond  to 
the  outputs. 

Next  we  must  establish  that  these 
values  are  consistent  with  our  true 
preference  scheme,  so  we  compare 
combinations  of  outputs.   First,  we 
compare  Oi  with  O2  +  O3  +  O4.   If 
Oj  is  preferred,  then  V^  should  be 


greater  than  V2  +  V3 


V. 


If,  as 


in  our  example,  this  is  not  the 
case,  then  adjustments  must  be  made 
in  V2 ,  V3 ,  and  V4  while  maintaining 
their  relative  values.   Now  Vi  = 
1.00,  V2  =  0.40,  V3  =  0.25,  V4  = 
0.15.   If  0]^  was  preferred,  we 
proceed  to  a  comparison  of  Oo  with 
O3  .  O4. 

If  O3  +  O4  is  preferred  to  O2 ,  as 
in  this  example  we  assume  it  is, 
further  adjustments  in  the  values 
must  be  made  to  make  V2   "^  ^3  "^  ^4  • 
Now  Vi  =  1.00,  V2  =  0.40,  V3  =  0.30, 
and  V4  =  0.20;  each  value  is  con- 
sistent with  our  preferences  for 
its  associated  output.   Since  this 
is  the  final  comparison  we  can  make, 
the  procedure  is  finished  for  our 
simple  example.   In  cases  where 
more  outputs  are  considered,  the 
procedure  is  continued  until  all 
the  required  comparisons  have  been 
made . 
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case . 


Nonlinear    Weights:       In  the  discus- 
sion above,  we  assumed  that  the  weights 
are  linear--that  is,  the  value  is 
directly  proportional  to  the  amount  of 
deviation  from  the  goal  no  matter  how 
much  deviation  occurs.   Goal  programing 
can  handle  situations  in  which  this  is 
not. the  case,  as  the  following  simple 
example  illustrates. 

Consider  a  situation  in  which  a 
small  deviation  from  a  goal  may  not  be 
very  harmful  but  a  large  one  may  be 
disastrous.   Figure  4  shows  a  loss 
function  for  this  type  of  situation. 
Here,  small  deviations  from  the  goal 
cost  only  0.5  point  per  unit  whereas 
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re  4, — Objective  loss  function  for  goal  programing. 


Goal  programing  has  been  faulted 
on  a  number  of  occasions  for  its  ineffi- 
ciency in  showing  trade-offs  between 
alternatives.   Cohon  and  Marks  (1975, 
p.  214)  state  that  the  "decision  makers 
are  expected  to  supply  the  necessary 
data  with  no  knowledge  of  what  the 
feasible  trade  offs  embodied  in  the  non- 
inferior  set  are."   By  this  they  empha- 
size the  fact  that  with  G-P  the  goals 
and  their  weights  must  be  established 
outside  the  model,  often  without  prior 
knowledge  of  possible  alternatives. 

This  problem  should  have  become 
apparent  in  the  previous  discussion  on 
how  to  establish  weights  and  goals.   It 
can  be  alleviated  only  through  numerous 
iterations  of  the  G-P  model  in  which 
the  goals  and  their  weights  are  allowed 
to  vary.   The  results  of  these  itera- 
tions, which  will  implicitly  show  some 
of  the  trade-offs,  can  then  be  used  by 
the  manager  in  deciding  on  appropriate 
weights  and  goals. 


large  deviations  can  cost  up  to  5.0 
points  per  unit  according  to  the  slope 
of  the  line. 

To  set  this  situation  up  for  G-P, 
we  establish  four  output  goals  at 
different  levels  with  their  associated 
deviational  variables  (d^,  6.2,  d^, ,  d^) 
where  "x"  is  the  decision  variable  and 
"a"  represents  the  relation  between  "x' 
and  the  output  goals. 


ax  -^  d. 

ax  -^ 

ax  -•- 

ax  + 


250 

500 

750 

1,000 


The  weights  for  the  deviational  vari- 
ables would  reflect  the  loss  function 
and  would  be  incorporated  into  the 
objective  function. 

Minimize:  2.5  d,  +    1.5  d^    + 
0.5  d^  +    0.5  d^ 

Other  constraints  and  deviational  vari- 
ables could  be  added  in  the  usual  manner, 


SATISFICING 

Simon  [1957)  has  proposed  a 
behavioral  decisionmaking  model  called 
"satisf icing"  which  is  achieving 
increased  emphasis  in  present  day  deci- 
sion models,  e.g.,  Galljraith  (1973). 
Basically,  the  model  depends  on  the 
observation  that  decisionmakers  react 
to  uncertainty  and  lack  of  information 
by  setting  targets  which  they  seek  to 
achieve  rather  than  by  maximizing  or 
minimizing  an  objective.   With  this 
model,  alternatives  can  easily  be 
measured  in  terms  of  whether  or  not  they 
achieve  the  goals.   This  simple  decision 
framework  has  great  intuitive  appeal; 
circumstantial  evidence  indicates  that 
it  has  widespread  use  by  decisionmakers, 
particularly  in  planning. 
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CONCLUSION 
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Abstract 

This  publication  provides  silviculturists  and  managers 
of  utility  rights-of-way  with  a  description  and  evaluation 
of  available  helicopter  spray  application  equipment.   Modi- 
fied conventional  equipment  will  reduce  drift  of  sprays  in 
normal  carriers  and  apply  various  high  viscosity  sprays. 
Specialized  spray  systems  have  found  limited  use  in 
forestry;  they  are  more  commonly  used  on  utility  rights-of- 
way.   Most  of  the  available  spray  systems  or  spray  adjuvants 
reduce  but  do  not  completely  eliminate  drift.   Maximum  drift 
reduction  with  present  equipment  and  adjuvants  is  obtained 
with  the  Microfoil  Boom®  . 

Keywords:   Herbicide  applications,  spraying  (-brush  control, 
application  equipment,  helicopters,  silviculture. 


PESTICIDE  PRECAUTIONARY  STATEMENT 

Pesticides  used  improperly  can  be  injurious  to  man,  animals,  and  plants.   Follow  the  directions 
and  heed  all  precautions  on  the  labels. 

Store  pesticides  in  original  containers  under  lock  and  key — out  of  the  reach  of  children  and 
animals — and  away  from  food  and  feed. 

Apply  pesticides  so  that  they  do  not  endanger  humans,  livestock,  crops,  beneficial  insects,  fish, 
and  wildlife.  Do  not  apply  pesticides  when  there  is  danger  of  drift,  when  honey  bees  or  other  pollin- 
ating insects  are  visiting  plants,  or  in  ways  that  may  contaminate  water  or  leave  illegal  residues. 

Avoid  prolonged  inhalation  of  pesticide  sprays  or  dusts;  wear  protective  clothing  and  equipment 
if  specified  on  the  container. 

If  your  hands  become  contaminated  with  a  pesticide,  do  not  eat  or  drink  until  you  have  washed. 
In  case  a  pesticide  is  swallowed  or  gets  in  the  eyes,  follow  the  first-aid  treatment  given  on  the 
label,  and  get  prompt  medical  attention.   If  a  pesticide  is  spilled  on  your  skin  or  clothing,  remove 
clothing  immediately  and  wash  skin  thoroughly. 

Do  not  clean  spray  equipment  or  dump  excess  spray  material  near  ponds,  streams,  or  wells.   Because 
it  is  difficult  to  remove  all  traces  of  herbicides  from  equipment,  do  not  use  the  same  equipment  for 
insecticides  or  fungicides  that  you  use  for  herbicides. 

Dispose  of  empty  pesticide  containers  promptly.   Have  them  buried  at  a  sanitary  land-fill  dump,  or 
crush  and  bury  them  in  a  level,  isolated  place. 

NOTE:   Some  States  have  restrictions  on  the  use  of  certain  pesticides.   Check  your  State  and  local 
regulations.   Also,  because  registrations  of  pesticides  are  under  constant  review  by  the  Federal 
Environmental  Protection  Agency,  consult  your  county  agricultural  agent  or  State  extension  specialist 
to  be  sure  the  intended  use  is  still  registered. 
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The  use  of  trade,  firm,  or  corporation  names 
in  this  publication  is  for  the  information  and 
convenience  of  the  reader.   Such  use  does  not 
constitute  an  official  endorsement  or  approval  by 
the  U.S.  Department  of  Agriculture  of  any  product 
or  service  to  the  exclusion  of  others  which  may 
be  suitable. 


Introduction 

Herbicides  have  been  success- 
fully used  as  aerial  sprays  to 
release  conifers  and  prepare  plant- 
ing sites  in  the  Pacific  Northwest 
for  more  than  20  years.   During  this 
time,  techniques  have  been  developed 
and  used  to  reduce  spray  loss  and 
insure  maximum  deposition  on  target 
areas.   Increased  public  concern 
about  use  of  pesticides  suggests 
that  measures  designed  to  reduce 
herbicidal  drift  will  be  more 
necessary  in  the  future.   Therefore, 
silviculturists  who  prescribe  and 
use  herbicides  on  forest  lands  must 
become  more  familiar  with  factors 
influencing  spray  drift  and  methods 
available  for  keeping  herbicidal 
losses  at  acceptable  levels. 

Drift  hazard  from  aerial  sprays 
is  related  to  weather  conditions 
during  spraying,  distance  that  drop- 
lets must  fall,  and  drop  siie. 
Spray  drift  can  be  reduced  by  spray- 
ing under  ideal  weather  conditions: 
air  temperatures  below  75   F, 
slightly  unstable  air  temperature 
gradient,  relative  humidity  above 
50  percent,  windspeed  less  than  6 
miles  per  hour,  and  wind  direction 
away  from  sensitive  areas 
(Gratkowski  1974,  Yates  et  al . 
1967).  "As  flying  height  increases, 
spray  droplets  remain  suspended 
longer  and  are  more  subject  to 
evaporation  and  drift.   Therefore, 
flying  height  should  be  as  low  as 
safety  permits,  usually  50  to  50 
feet  above  the  vegetation. 
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Liquids   must    be   broken    into 
small    drops    by   a   complex  process 
called   atomization   to    obtain   good 
coverage    and   distribution   of   the 
spray.      Atomization,    and   the 


Flgruie  1. — Relation  of  droplet  size  to 
number  of  droplets  per  square  Inch 

in   10    -allor.s   of  scra-j. 


resulting  droplet  size  distribution, 
is  controlled  by  physical  properties 
of  the  spray  solution  and  type  and 
arrangement  of  the  application  equip- 
ment.  Silviculturists  can  improve 
spray  deposition  by  selecting  herbi- 
cidal formulations  and  adjuvants 
that  reduce  volatility  and  increase 
spray  viscosity  and  surface  tension 
(Butler  et  al.'l969,  Gratkowski  and 
Stewart  19"5)  . 

Selection  of  proper  aerial 
application  equipment  is  as  impor- 
tant as  selecting  herbicidal 
formulation.   In  fact,  significant 
improvements  can  be  made  in  reducing 
drift  of  normal  formulations  through 
use  of  well-designed  spray  delivery 
systems.   Modifications  of  conven- 
tional application  equipment  or 
specialized  systems  may  be  necessary 
for  applying  high  viscosity  sprays 
for  maximum  drift  reduction.   This 
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Liquids  must  be  broken  into 
small  drops  by  a  complex  process 
called  atomization  to  obtain  good 
coverage  and  distribution  of  the 
spray.   Atomization,  and  the 
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Figure  1. — Relation  of  droplet  size  to 
number  of  droplets  per  square  inch 
in   10   gallons   of  spray. 
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report  describes  and  evaluates  heli- 
copter spray  delivery  systems  for 
applying  normal  sprays  or  high 
viscosity  sprays  on  forest  lands  and 
utility  rights-of-way. 

Aerial  Application  Equipment 

All  conventional  and  most  spe- 
cialized spray  application  systems 
have  the  following  parts:   spray 
tank,  pump,  shutoff  valve,  pressure 
gage,  spray  boom,  and  nozzles  (fig. 
2) .   There  are  only  five  factors 
related  to  application  equipment 
that  can  be  altered  to  affect  drop- 
let breakup.   These  are:   (1)  flying 
speed,  (2)  pump  pressure,  (3)  nozzle 
orifice  diameter,  (4)  nozzle  type, 
and  (5)  nozzle  orientation  with 
respect  to  the  airstream.   All  modi- 
fications of  conventional  systems 
and  specialized  systems  designed  for 
application  of  normal  sprays  rely  on 
these  factors.   Additional  modifica- 
tions are  necessary  to  pump  and 
apply  high  viscosity  invert  emul- 
sions, particulated  sprays,  or 
thickened  sprays. 

Each  application  system  is 
designed  for  use  with  specific  for- 
mulations or  spray  adjuvants  (table 
1) .   When  drift  reduction  is  not 


Figure   2. — Conventional   aerial   spray   system: 
{A)    spray  tank,    (B)  pump,    (C)  pressure 
gage,     (D)  spray  boom,    and    {E)    nozzles. 


needed  for  every  application,  con- 
ventional spray  systems  and  tank  mix 
visco-elastic  adjuvants  like  Amchem 
Products'  Lo-Drift'®  or  Nalco's 
Nalco-Trol®  should  be  used.   Such 
systems  are  more  flexible,  readily 
available,  and  cost  less  than 
specialized  application  equipment. 


Table  1- -  Suitability    of   aerial    spray    systems    for    applying 
different    herbiaidal    formulations    and   adjuvants 


Aerial  spray  system 


Normal 
spray 


Formulation  or  adjuvant  type 


Foam 
spray 


Invert  emulsion 


Tank  mix 


Flash 
mix 


Particu- 
lated 
sprays 


Thickened 
sprays 


Conventional 

Microfoil  Boom 
.1/ 


® 


Transducer- 


1/ 


Electrostatic—' 

Bifluii®  and   Visko-Rhap® 
Spra-Disl^  -/ 


1/ 


Not  presently  recommended  for  forestry  use. 


V/hen  maximum  drift  reduction 
is  needed  on  every  acre  treated, 
specialized  systems  and  spray  for- 
mulations should  be  considered. 
For  example,  Amchem's  Microfoil 
Boom®,  experimental  transducer 
systems,  or  electrostatic  systems 
are  designed  to  reduce  drift  of 
normal  sprays.   The  Dow  R-511  spray 
system®,  modified  R-511,  Stull 
Bifluid®,  Rhodia  Visko-Rhap®,  and 
Amchem  Spra-Disk®  are  used  with 
thickened  sprays,  particulated 
sprays,  or  invert  emulsions       ^ 
(Gratkowski  1974).   The  Spra-Disk® 
is  not  used  for  forestry,  and  trans- 
ducer and  electrostatic  sprayers 
are  experimental  and  not  presently 
recommended.   These  systems  are 
included  for  information  only. 


Cylindrical 
jet   nozzle 


Hollow  cone 
nozzle 


Fan   nozzle 


Figure  3. — Design  and  spray  pattern  of 
cylindrical   jet,   hollow  cone,    and 
fan  nozzles. 


CONVENTIONAL  SPRAY  SYSTEMS 
Normal  Sprays 

Normal  water-  or  oil-based 
sprays  can  be  applied  with  conven- 
tional spray  tanks,  pumps,  distri- 
bution lines,  and  spray  booms.   To 
reduce  drift,  it  is  necessary  to 
reduce  the  amount  of  spray  in  small, 
drift- susceptible  droplets.   Conven- 
tional hydraulic  pressure  nozzles 
shape  the  spray  pattern  and  produce 
the  initial  formation  of  droplets. 
A  wide  range  of  droplet  sizes  is 
formed  as  a  result  of  droplet- 
shearing  forces  produced  by  turbu- 
lence in  the  nozzle  and  in  the  air- 
stream.   These  are  counteracted  by 
droplet- forming  forces  of  viscosity 
and  surface  tension  of  the  spray. 
To  reduce  droplet  breakup,  it  is 
necessary  to  minimize  turbulence 
within  the  nozzle  and  airstream. 

Shear  forces  within  the  nozzle 
can  be  reduced  by  using  large  ori- 
fice nozzles  with  straight  flow 
internal  design  and  by  lowering 
spray  pressures.   Six  types  of 
hydraulic  pressure  nozzles  are  used 
for  aerial  spraying:   hollow  cone 
with  whirl  plate,  hollow  cone  with 
offset  entrance  (whirl  chamber) , 
fan,  full  cone,  cylindrical  jet, 
and  flooding  nozzles  (Akesson  and 
Burgoyne  1967,  Bintner  1974).   Of 
these,  fan,  hollow  cone  with  whirl 
plate,  and  cylindrical  jet  nozzle 
patterns  are  most  commonly  used  in 
forestry  ( fig.  3) . 


Nozzles  producing  narrow, 
cylindrical  patterns  form  fewer 
small  drops  and  are  better  for 
reducing  drift.   Hollow  cone  nozzles 
with  whirl  plates  are  especially 
versatile  because  both  the  whirl 
plate  number  and  disc  orifice  size 
can  be  varied  to  obtain  desired 
median  droplet  sizes.   It  is  possi- 
ble to  increase  droplet  size  by 
using  whirl  plates  that  produce 
narrow  cone  angles.   For  example, 
spray  drift  can  be  reduced  with 
Spraying  Systems  Company  hollow  cone 
nozzles  by  using  whirl  plate  numbers 
greater  than  45  (Akesson  et  al. 
1970,  1971).   Maximum  reduction  is 
possible  by  using  cylindrical  jet 
nozzles  or  hollow  cone  nozzles  with- 
out the  whirl  plate  that  discharge 
the  spray  as  a  narrow  solid  stream. 

Several  foam  spray  systems  have 
been  developed  for  aerial  spraying 
(Gratkowski  and  Stewart  1973)  . 
These  systems  require  an  air-aspir- 
ating nozzle  to  inject  air  into  the 
spray  (fig.  4)  and  special  adjuvants 
to  stabilize  the  air-in-water  emul- 
sion formed  by  the  nozzles.   Foam- 
generating  nozzles  should  be  oper- 
ated at  a  minimum  of  40  pounds  per 
square  inch  (psi)  pressure  measured 
at  the  nozzle.   Nozzles  should  dis- 
charge straight  back  along  the  air- 
stream  or  no  more  than  30°  from  hori- 
zontal to  obtain  best  drift  reduction. 
Because  the  adjuvants  do  not  increase 
spray  viscosity,  only  the  nozzles 


Figure   4. — A  foam-generating  nozzle. 
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Recent  studies  strongly  suggest 
that  drift-reducing  benefits  claimed 
for  foam  sprays  are  due  to  the  coarse 
atomizing  nozzles  used  rather  than 
the  foam  itself  (Akesson  et  al .  1972, 
Bouse  and  Leerskov  1973).   In  fact, 
addition  of  the  foaming  agent  reduces 
surface  tension  of  the  spray  and  may 
form  drift-susceptible  clusters  of 
air  bubbles.   Foam  adjuvants  expand 
spray  volume  two  to  seven  times. 
This  expansion,  plus  improved  stick- 
ing and  spreading  due  to  surfactant 
properties  of  the  foam  adjuvants, 
may  compensate  for  reduced  plant 
coverage  caused  by  the  coarse  spray. 
This  possible  effect  is  the  only 
justification  for  using  foam  sprays. 
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Table  2- -Characteristics    of  foam-generating    nozzles    used    in 
aerial    spraying . 


Range  of  nozzle 

Nozzle 

Spray 

Recommended 

outputs  at 

name 

pattern 

foam  agent 

40  pounds  per 
square  inch 

aerial  W-' 


Accutror^  aerial 
Foamspray 
Foamspray^  Row  Crop— 
DFA  Dela-Foam® 
Foamj  et^^ 


Multiple  jet 
Single  jet 
Flat  fan 
Single  jet 
Single  jet 


Accutrol 

Foamspray 

Foamspray 

Fomex 

None 


Gallons  per 
minute 

0.75-1.50 
.23-1.39 
.77-1.39 
.77-7.10 
.60-3.00 


—  Used  at  airspeeds  above  60  miles  per  hour. 

2/ 

—  Used  at  airspeeds  below  60  miles  per  hour. 


Figure   5. — Comparison  of  spray  pattern  from  Raindrop 
nozzles    (4  m/h  crosswind) . 
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—  Mass  median  diameter  (MMD)  or 
volume  median  diameter  (VMD)  is  the  drop 
diameter  that  divides  the  spray  volume 
into  two  equal  parts.   In  other  words, 
50  percent  of  the  spray  volume  is  in 
droplets  larger  or  smaller  than  the  MMD. 


has  little  significance  for  standard 
spray  nozzles  within  the  operating 
limits  imposed  by  desired  applica- 
tion volume  and  other  conditions. 
This  may  change  in  the  future  with 
additional  development  of  special 
low  pressure  (10  pounds  per  square 
inch  or  less)  ,  high  flow  rate 
nozzles  such  as  made  by  Spraying 
Systems  Company  (Bouse  et  al.  1976). 

Droplet  breakup  occurs  after 
the  spray  is  discharged  from  the 
nozzle  and  subjected  to  additional 
shear  forces  in  the  airstream. 
These  forces  are  reduced  as  dis- 
charge velocity  and  direction 
approach  that  of  the  airstream 
itself.   Therefore,  flying  speed 
and  nozzle  orientation  are  major 
factors  affecting  droplet  breakup 
outside  the  nozzle  (Isler  and  Carlton 
1965,  Brandes  1966).   However,  the 
effect  of  reduced  flying  speed  on 
droplet  breakup  is  insignificant 
within  the  narrow  range,  45  to  60 
miles  per  hour,  necessary  for  the 
small  helicopters  used  in  forestry. 
More  variation  is  possible  with 
larger  helicopters  operating  above 


60  miles  per  hour  or  with  fixed- 
wing  aircraft  operating  above  90 
miles  per  hour. 

In  contrast,    nozzle   orienta- 
tion  has    a   major    influence    on   drop- 
let   breakup.      Changing  nozzle  orientation 
from  straight  down  to  directly  back  along  the  airstream 
can  increase  median  droplet  size  by  1 50  percent 
(fig.    6). 
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Figure  6. — Variation  in  droplet  size 
resulting   from  change   in  nozzle 
orientation.      (Adapted  from  Brazelton 
(1971) ;    used  with  permission   of 
University  of  California  Division  of 
Agricultural  Sciences. 

Intermediate   degrees    of   droplet 
breakup   and   drift    reduction   can  be 
obtained   by   adjusting    the   nozzles 
to   discharge   back   at    30      or   45 
from  horizontal.      Nozzle    orienta- 
tion  can  be    easily   changed   by   using 
fixed-angle    elbow   connectors, 
streamlined   booms,    or    round    spray 
booms.      Streamlined   booms    are 
designed    so    that   nozzles   may   be 
located   on   the    top,    bottom,    and 
low- turbulence    trailing    edge   of    the 
boom    (fig.    7).      Round    spray   booms 


Figure   7 . — Nozzles   can  be   attached  on 
the  top,   bottom,   or  trailing  edge  of 
a  Simplex  Manufacturing  Company 
streamlined  boom. 


can   be    clamped    to    the   helicopter 
skid    toes    and   then   rotated    to 
change   nozzle    orientation   by    loosen- 
ing   the    clamps.      Fixed-angle    spray 
bodies,    swivel    connectors,    or   vari- 
spacing   nozzles    are    available   but 
not    recommended. 

There    are    several    advantages 
in  using   conventional    rather    than 
specialized    spray   equipment.      Com- 
mercial   applicators    usually   have 
the   necessary  parts    in   stock. 
Spray    tanks,    pumps,    distribution 
lines,    and    spray   booms    do   not    have 
to   be   modified    for   applying   herbi- 
cides   in   normal   water,    oil-in-water 
emulsion,    or   oil   carriers.      By 
selecting   nozzle    type,    nozzle 
orientation,    and    flying    speed, 
foresters    can   obtain   a    suitable 
droplet    size    distribution    for 
desired   degree    of   drift    control    and 
plant    coverage.      Therefore,    conven- 
tional   spray    systems    are    less 
expensive,    more    flexible,    and  more 
readily    available    than    specialized 
systems    or    adjuvants.      Furthermore, 
at    airspeeds    below   65   miles    per 
hour,    drift    control   with   D8    jet 
nozzles    (8/64-inch   diameter    orifice) 
directed   back    along    the    airstream 
using    normal    sprays    is    similar    to 
that    obtained  with    thickened    sprays 
(Butler    et    al .    1969) . 

Foresters  can  obtain  maximum  drift  reduction 
with  normal  spray  formulations  and  conventional 
application  equipment  by  using  D8  jet  nozzles 
directed  back  along  the  airstream  at  minimum  safe 
flying  height.      Additional    reductions   may 
be   possible   with   Delavan   Raindrop® 
nozzles    operated   at    standard  pressure 
or    Spraying   Systems    LP®   nozzles 
operated   at    low   pressure.      More 
droplet   breakup    and   better   plant 
coverage   but    less    drift    reduction 
are    obtained    from   hollow   cone 
nozzles   with  whirl   plates    that   pro- 
duce  narrow   cones   which    are    oriented 
between    45°    and    straight   back   along 
the    airstream. 

Even  with  these  modifications, 
a  wide  range  of  droplet  sizes  will 
still  be  produced.   The  smaller 
drops  result  in  better  plant  cover- 
age but  drift  will  occur;  2  to  15 
percent  of  the  spray  volume  may  be 
deposited  beyond  1,000  feet  downwind 


from  the  application  (Akesson  et  al. 
1972).   However,  close  adherence  to 
weather,  flying  height,  and  flying 
speed  restrictions  can  minimize 
these  losses. 

High  Viscosity  Sprays 

Thin  tank  mix  invert  emulsions 
and  other  low  to  moderate  viscosity 
sprays  can  be  applied  with  conven- 
tional spray  systems.   For  most 
applications,  jet  nozzles  directed 
straight  back  or  no  more  than  45 
from  horizontal  should  be  used  to 
minimize  droplet  breakup.   Minimiz- 
ing shear  forces  is  especially 
important  with  viscosity-elastic 
polyvinyl  polymers  5uch  as  Amchem 
Products'  1^-Drift®  or  Nalco's 
Nalco-Trol®  .   Adjuvant  rates  as 
low  as  8  to  16  ounces  per  100 
gallons  may  be^possible  if  Lo-Drift® 
or  Nalco-Trol®  sprays  in  water 
carriers  are  applied  through  jet 
nozzles  directed  back  along  the  air- 
stream;  rates  up  to  32  ounces  per 
100  gallons  may  be  necessary  with 
other  nozzles  or  nozzle  orientation 
or  with  emulsion  carriers. 

Thick  tank  mix  invert  emulsions 
and  other  high  viscosity  sprays  can 
be  applied  through  modified  conven- 
tional spray  systems.   All  modifi- 
cations are  the  result  of  the 
increased  viscosity  and  are  similar 
for  invert  emulsions,  thickened 
sprays,  or  particulated  sprays. 

Thick  sprays  flow  more  slowly 
than  normal  sprays.   Therefore,  the 
spray  distribution  system  must  have 
a  larger  capacity  to  produce  the 
same  flow  rates  as  normal  sprays. 
Crossover  lines  between  helicopter 
saddle  tanks  should  be  about  4 
inches  in  diameter.   Pump  suction 
lines  should  have  a  diameter  at 
least  as  large  as  the  pump  inlet 
port  and  should  draw  from  the  center 
of  the  crossover  line  between  tanks. 
Delivery  lines  to  the  boom  and  the 
boom  itself  should  be  1-1/2  to  2 
inches  in  diameter,  and  enough  lines 
must  be  provided  from  pump  to  boom 
to  maintain  even  pressure  at  all 
nozzles.   Suction  and  supply  lines 
must  be  as  short  as  possible,  with 
a  minimum  number  of  turns. 


Standard  centrifugal  pumps  can- 
not produce  sufficient  flow  rates 
with  viscous  sprays.   Therefore, 
gear  (1-1/2  inches  or  larger), 
piston,  or  vane  positive  displace- 
ment pumps  should  be  used.   Pump 
capacity  must  be  at  least  30  percent 
greater  than  for  normal  sprays. 
High  capacity  centrifugal  pumps  can 
be  used,  but  they  must  be  operated 
in  a  flooded  condition.  With  most  invert 
emulsions,  pumps  must  move  the  required  volume 
without  creating  additional  shear,  or  the  emulsion  will 
become  thicker.  Pump  output  must  be  matched  to  nozzle 
output  to  minimize  recycling  and  additional  shearing 
of  the  emulsion. 

As  with  normal  formulations, 
droplet  size  distribution  of  thick- 
ened sprays  is  affected  by  spray 
pressure,  nozzle  tip  design,  orifice 
size,  nozzle  orientation,  and  flight 
speed.   Nozzles  with  simple  internal 
design  and  large  orifice  diameters 
are  necessary  for  application  of 
highly  viscous  sprays.   If  nozzle 
strainers  are  used,  they  should  be 
coarse-meshed- -generally  50  mesh  or 
larger.   For  most  forest  spraying 
with  viscous  sprays,  D8  (8/64-inch 
diameter  orifice)  or  DIO  (10/64-inch 
orifice)  jet  nozzles  directed  45   or 
straight  back  will  produce  adequate 
flow  rates  and  good  drift  control. 
With  Norbak®  particulated  sprays, 
it  may  be  necessary  to  use  lower 
rates  of  adjuvant  and  nozzles 
directed  downward  or  45   back  to 
obtain  some  breakup  and  reasonable 
spray  coverage  (Butler  et  al.  1969). 
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As  with  normal  sprays,  maximum  drift  reduction 
with  invert  emulsions,     Vistik®  ,  Dacagin®  ,  Lo-Drift© 


Nalco-Trol®  ,  and  Norbak®  applied  through  modified 
conventional  equipment  will  be  obtamed  if :  ( 1 )  jet 
nozzles  are  used,  (2)  nozzles  are  directed  back  along  the 
airstream,  (3)  aircraft  speed  is  reduced,  and  (4)  pump 
pressures  are  reduced.      A    lower    flying    height 
will    further   reduce   drift,    but 
swath   coverage  will   also   be   reduced. 
Therefore,    normal   flying    heights   of 
ZO    to    50    feet    above    the    vegetation 
should   be    used    in    applying    high 
viscosity    sprays. 


SPECIALIZED  SPRAY  SYSTEMS 

The  Microfoil  Boom®  and 
various  transducer  spray  systems 
were  designed  to  reduce  drift  of   „ 
normal  sprays.   The  Microfoil  Boom™ 
reduces  drift  by  increasing  median 
drop  size  and  decreasing  the  range 
of  droplet  sizes  produced;  while 
transducers  decrease  only  the 
range  of  drop  sizes.   The  electro- 
static system  seeks  to  reduce  drift 
by  electrically  charging  the  spray 
stream  and  using  the  electrical 
potential  of  the  earth's  surface  to 
attract  the  spray  droplets.   Al- 
though theoretically  possible,  this 
system  has  failed  to  demonstrate 
reduction  in  drift. 

The  R-511®and  modified  R-511 
spray  systems  were  designed  to  over- 
come problems  in  pumping  and  apply- 
ing high  viscosity  spray  mixtures. 
The  Bifluid®  and  Visko-Rhap® 
systems  were  designed  to  mix  and 
apply  flash  mix  invert  emulsions 
(Gratkowski  1974,  Gratkowski  and 
Stewart  1973).   The  Spra-Disk®  was 
developed  to  apply  tank  mix  invert 
emulsions  with  minimum  droplet 
breakup  when  flying  high  above 
powerline  rights-of-way. 

(S) 
Microfoil  Boom 

The   Microfoil    Boom®,    developed 
by  Amchem  products.    Inc.,    combines 
the    advantages    of    low  pressure, 
straight    flow   jet    nozzles,    and 
proper   nozzle    orientation    to    obtain 
large,    nearly   uniform   size    droplets 
(Kirch    1968).      Spray    is    circulated 
through   two   parallel   booms   which 
help    to   equalize   pressure    and    flow 
to    each  nozzle    (fig.    8).      To    reduce 
droplet   breakup,    a    40-pounds    per 
square    inch    spray   pressure    in   the 


Figure  8. — The  Microfoil  Boom  "^  circu- 
lates spray   through   two  parallel 
booms  to  equalize  pressure  and  flow 
to  each  nozzle. 

boom    is    reduced    to    only    2    pounds 
per    square    inch    at    the   nozzle 
orifices . 

Microfoil    nozzles    are    shaped 
like    an   airfoil    to   produce    laminar 
or    smooth    airflow   and  minimum   tur- 
bulence   at    the   point   where    spray 
droplets    form    (fig.    9).      Each 
nozzle    is    6    inches    long    and   contains 


Figure   9. — Microfoil   nozzles  have  an   airfoil- 
shaped  body  with  needlelike  orifices  pro- 
truding from  the   training  edge.       (Adapted 
from  Brazelton    (1971);    used  with  permission 
of  University  of  California   Division  of 
Agricultural   Sciences. ) 
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Figure  10. — A  Micro f oil  "^  "hay-rake" 
nozzle  with  0.060-inch  orifices. 

Microfoil   nozzles   produce   drop- 
lets  of   two   distinct    sizes,    primar- 
ily  as   a   result   of   a  process   called 
Rayleigh   breakup    (Wilce    et    al. 
1974) .       Primary   droplets    are    about 
twice    the    size    of    the    orifice 
diameter.       Smaller    satellite    drop- 
lets  are   formed   from   thin   filaments 
of   spray  between   the    primary   drop- 
lets.      If   the    nozzles    are   properly 
oriented  with    the    airstream,    these 
smaller   droplets    are    recaptured   by 
the    larger   ones    in    the    smooth   air 
flow   behind   each   nozzle.      For  maximum 
drift  reduction,  the  boom  must  be  continually  leveled  with 
the  airstream  by  means  of  a  pilot-oriented  control  unit  as  a 
helicopter  changes  flight  attitude.     When   properly 
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The  spray  boom  is  assembled  in 
sections  and  can  be  varied  in  length 
from  10  to  26  feet  to  obtain  swath 
widths  between  10  and  70  feet.   Fine 
mesh  tank  truck  and  saddle  tank 
filter  systems  are  necessary  to 
prevent  clogging  of  the  orifices. 
Therefore  ,  high  viscosity  sprays  and  weftable  powders 
cannot  be  applied  tluough  the  Microfoil.  Furthermore  , 
extra  care  must  be  taken  to  prevent 
debris  from  entering  spray  tanks. 
This  can  be  done  by  covering  nurse 
tank  and  saddle  tank  openings  and 
by  using  fine  mesh  screens  in  water 
draw  hoses,  pump  lines,  and  nozzles. 
Nozzles  should  be  removed  and 
cleaned  frequently  with  a  spray-pik 
tooth  cleaner  or  similar  device. 


Other  problems  that  developed 
in  operational  spray  tests  on  the 
Siuslaw  and  Siskiyou  National 
Forests  can  be  minimized  or  elimi- 
nated by  the  following  actions: 

1.  Use  high-volume  electric  or 
hydraulic  pumps  and  manifolds 
on  Hiller  helicopters.   On  Bell 
helicopters,  use  Amchem's 
special  hydraulic  pump  supplied 
with  the  Microfoil. 

2.  Because  the  boom  is  mounted 
near  the  ground  (fig.  11),  use 
a  raised  landing  pad  [e.g., 
railroad  ties)  and  a  level 
helispot  to  prevent  damage  to 
the  boom. 

3.  Use  nozzle  bodies  made  from 
polypropylene  plastic  that   are 
less  subject  to  cracking  than 
the  original  plastic  nozzles. 

4.  Use  negative  pressure  or  suck- 
back  devices  to  prevent  draining 
of  the  nozzle  bodies  after  shut- 
off  in  flight. 


Figure  11. — The  Microfoil   Boom 
is  mounted  in  front  of  and 
below  the  skid  toes  where  it 
is  subject   to  damage. 


® 


The  Microfoil  Boom®  is  expen- 
sive to  buy  and  maintain.   There- 
fore, few  applicators  have  access 
to  one.   The  spray  swath  is  well 
defined  and  falls  directly  below 
the  helicopter  and  behind  the  pilot 
in  a  sheetlike  pattern  (fig.  12). 
Skips  and  poor  coverage  are  common 
unless  the  pilot  is  experienced 
and  can  maintain  at  least  a  5-foot 
swath  overlap.   Because  of  poor 
coverage  produced  by  even  the 
smallest  diameter  orifices,  experi- 
ence on  two  National  Forests 
suggests  that  the  Microfoil  Boom® 
should  not  be  used  to  apply  bud- 
break  sprays  on  deciduous  species. 
Too  little  spray  is  intercepted  by 
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the  leafless  stems  and  branches  to 
obtain  good  brush  control.   For 
foliage  sprays,  degree  of  brush 
control  with  the  Microfoil  can  be 
equivalent  to  or  somewhat  less  than 
that  obtained  with  conventional 
booms . 

The  Microfoil  Boom  ®  provides  the  best  drift 
control  possible  at  this  time.       In    aerial    spray 
tests,  98    to    99   percent    of    the    spray 
volume  was    deposited  within   the   desired 

swath  width  (Akesson  et  al.  1971). 

If  maximum  drift  reduction  is  a  primary  concern,  the 

increased  costs  and  difficulties  with  the  Microfoil 

Boom®  may  have  to  be  accepted. 


■■n-^'^K 


Figure  12. — If  the  Microfoil  Boom  ^-^  is 
maintained  in  proper   trim,    the  spray 
falls  in  a  characteristic  sheetlike 
pattern. 


Transducer   Spray   Systems 

Transducer    spray    systems    use 
conventional    spray   equipment    except 
for   specially   designed   nozzles. 
Within   each  nozzle,    a   cyclic   pulse 
is   applied   to   the   pressurized   stream 
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ahead  of  the  orifice  by 
a  vibrating  magnetized  rod 
lectric  crystal  (fig.  13) 

al.  1974,  Roth  1971,  Wilce 
74) .   This  vibration  causes 
to  form  at  the  applied  fre- 
For  example,  6,000  drops 
d  are  formed  at  a  vibration 
,000  times  per  second.   As 
xternal  vibrations  from 
other  equipment  do  not 

vibrations  to  become  out 

the  resulting  drops  are 
n  size  due  to  the  regular- 
e  applied  pulse.   Droplet 

becomes  irregular  if 

pulses  occur. 


Drop  size  is  determined  by  the 
size  of  the  orifice  used,  pump 
pressure,  and  applied  frequency. 
Since  small  diameter  jet  orifices 
are  used,  droplet  size  is  about 
twice  the  orifice  diameter.   An 
increase  in  pressure  will  increase 
droplet  diameter  by  increasing  the 
volume  of  liquid  flowing  between 
pulses.   To  minimize  shear  forces 


ORIFICE   RING 
RESONATOR    DIAPHRAGM 


NOZZLE   BOOT 


-AERODYNAMIC    SHELL 


EXPERIMENTAL    LOW -DRIFT    NOZZLE 


Figure   13. — Transducer  nozzles    using   vibration  of  a 
piezoelectric  crystal    to  pulse   the  stream    (Wilce 
et   al.    1974,    reproduced  with  permission) . 
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the  nozzles  are  oriented  to  dis- 
charge along  the  airstream  (fig. 
14).   By  varying  orifice  diameter, 
pulse  frequency,  and  pump  pressure, 
droplet  sizes  suitable  for  applica- 
tion of  different  herbicides  can  be 
produced . 


Based  on  limited  tests,  transducer  systems  may 
prove  the  most  effective  means  to  reduce  drift  and  still 
obtain  good  pest  control  (Wilce  et  al.  1974).  However, 
they  are  not  commercially  available  and  must  be  evaluated 
more  thoroughly  before  they  can  be  recommended  for 
operational  spraying. 


Electrostatic  Systems 


Figure  14. — Multiple  orifice   transducer 
nozzles  are  directed  with   the  airstream 
to  reduce  droplet   breakup    (Wilce  et   al. 
1974,    reproduced  with  permission) . 


Experimental  transducer  sys- 
tems have  been  built  by  Cotton, 
Inc.,  part  of  the  United  States 
Cotton  Council,  Texas  A  §  M  (Bouse 
et  al.  1974),  and  University  of 
California  at  Davis  (Wilce  et  al. 
1974) .   All  of  these  produce  drops 
of  about  200-  to  300-micrometer 
diameter,  with  none  below  75  to 
100  micrometers  and  few  above 
300  micrometers.   This  smaller  drop- 
let diameter  provides  better  plant 
coverage  at  normal  application 
volumes  while  also  providing  drift 
reduction  similar  to  that  obtained 
with  the  Microfoil  Boom®  (Wilce 
et  al.  1974).   Because  of  the  very 
small  orifice  diameter,  prefilter- 
ing  and  fine  mesh  line  and  nozzle 
filters  must  be  used  to  prevent 
clogging.   As  with  the  Microfoil, 
high    viscosity    sprays    and   wettable 
powders    oannot    be    applied    through 
transducer   nozzles  .       Flow  rates 
through  small  orifices  are  very  low 
so  multiple-orifice  nozzles  may  be 
necessary  to  obtain  adequate  flow 
rates . 
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Benefits    claimed    for    electro- 
static   systems    include    reduced 
drift,    increased   plant    coverage, 
and    lower    application   rates.      How- 
ever,   these   claims    have   not   yet   been 
substantiated    in   objective    spray 
tests    (Threadgill    1973).      Therefore, 
the  ElectroGasDynamics  system  or  other  electrostatic 
sprayers  are  still  experimental  and  cannot  be  recommended 
for  forestry  use  at  present. 


R-511®and  Modified  R-511  Spray  Systems 

In  1966,  the  Dow  Chemical 
Company  introduced  the  R-511  Spray 
System®  for  helicopter  application 
of  high  viscosity  Norbak  sprays  on 
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rights-of-way    (Reimer    et    al.    1966). 
Although    it    is    no    longer    commer- 
cially  available    as    a    complete   unit, 
many    applicators    use    either    the 
R-511    or    a    locally  modified   version 
of   it.      Either   system  can   apply   any 
high   viscosity    spray   except    flash 
mix    invert    emulsions.      However, 
only  modified   R-511    systems    have 
proved   useful    for    forest    spraying 
(fig.    15). 


invert  emulsions.   Th 

is  system  is 

simi 

lar  to  the  R-511, 

except  that 

the 

nozzle  cluster  is 

replaced  by 

three  nozzles  evenly 

spaced  along 
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8-foot  boom.   All 

three  nozzles 

are 

angled  back  to  re 

duce  breakup  of 
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spray  by  the  airstream.   However, 
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Figure   15. — Modified  R-511   system  applying 
Vistik- thickened  sprays  on   the  Siuslaw 
National  Forest. 


Figure  16. --The  Dow  R-511  ^^  Spray  System 
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The  R-511  Spray  System® 
a  cluster  of  five  nozzles  at  t 
center  of  an  8-foot  support  bo 
(fig.  16).   Thickened  sprays  a 
drawn  from  the  bottom  of  the  s 
tanks  through  a  suction  filter 
2-inch  suction  line  to  a  posit 
displacement  vane  or  gear  pump. 
The  spray  then  flows  through  a 
series  of  pilot-operated  spray  con- 
trol units  and  separate  1-inch 
supply  lines  to  each  nozzle.   By 
selecting  nozzle  pairs,  adjusting 
spray  pressure,  and  changing  dis- 
charge angle  of  the  nozzle  cluster, 
the  pilot  can  vary  swath  width  from 
25  to  50  feet  while  in  flight  and 
still  maintain  a  constant  applica- 
tion rate  per  acre  (Reimer  et  al. 
1966)  . 

The  Dow  Chemical  Company  also 
developed  a  modified  R-511  Spray 
System  for  applying  thick  tank  mix 


The  Dow  Chemical  Company  is  now 
testing  a  boomless  sprayer  for 
rights-of-way.—   A  Spraying  Systems 
Company  cylinder  manifold  isT  mounted 
on  an  R-511  nozzle  body  attached  to 
each  skid  toe  (fig.  17).   Each  mani- 
fold is  6-1/2  inches  long  with  seven 
outlets  at  10   spacings  around  the 
perimeter  along  its  length.   Jet 
nozzles,  usually  with  00-30  tips, 
are  used  in  each  outlet.   Guide 
vanes  in  each  nozzle  reduce  turbu- 
lence created  as  the  spray  turns 
the  corner  between  the  manifold  and 
nozzle.   Diaphragm  check  valves  may 
be  used  on  each  nozzle  to  provide 
more  positive  spray  shutoff.   Mani- 
folds are  mounted  facing  forward 


2/ 

— '  Personal  communication  from  C.  A. 

Reimer,  the  Dow  Chemical  Company,  Midland, 

Mich. 
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Figure   17. — A  boomless   sprayer   uses   cylinder 
manifolds  mounted  on   the  helicopter  skid 
toes , 


w-ith   nozzles    directed   outward    to 
produce    a    50-foot    swath.       Some 
recent   versions    include    a    three- 
nozzle   manifold   between    the    skids 
to   obtain  better   coverage   under    the 
helicopter    and   permit   wider    swaths. 
The   boomless    spray   unit    results    in 
better    spray   breakup    and  more   uni- 
form pattern   than    the   R-511    or 
three-nozzle   modified   R-511    systems 
However,    its   usefulness    has    not 
yet   been   demonstrated    in   forest 
spraying . 


Local 
R-511  Spra 
developed, 
units  cons 
streamline 
the  helico 
nozzles  ar 
the  boom  w 
the  center 
nozzles  to 
A  positive 
gear   pump 


modif ie 

y   System 

For   ex 

ist    of   a 

8-foot 
pter    ski 
e   equall 
ith   a    fl 
and   two 
either 
displac 
is   used 


d   versions    of    the 
®   have   been 
ample,    typical 

2- inch   diameter 
boom  mounted   on 
d   toes. A/      Five 
y    spaced   along 
at    fan  nozzle    at 

of  f  centeri./ 
side    (fig.    18). 
ement   vane    or 
to   move    high 


—  Personal    communication   from  Norm 
Parker,    Western   Helicopter   Services,    Inc., 
Mewberg,   Oreg. 

—  Offcenter  nozzles  produce  a  fan- 
shaped  pattern  that  is  directed  down  and 
to   the    side    to   obtain  maximum   swath  width. 


Figure  18. — A  modified  R-511  system  with 
five  nozzles  arranged  on  a  short  spray 
boom. 


viscosity  sprays  through  two 
separate  large  diameter  supply  lines 
to  the  boom. 

To  obtain  reasonable  swath 
widths  with  all  versions  of  the 
R-511  Spray  System®,  offcenter 
nozzles  are  used.   These  nozzles 
broadcast  the  spray  over  a  greater 
area  than  conventional  nozzles. 
Therefore,  plant  coverage  and  drop- 
let size  may  be  less  uniform  near 
the  swath  edge  than  directly  under 
the  helicopter. 


Bifluid  Spray  Systems 
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Figure   19. — Diagram  of  Rhodia   Visko-Rhap^  Spray  System. 


and  on  the  method  for  adjusting 
flow  rate  from  each  tank  (fig.  19). 

Separate  spray  tanks  are 
required  for  the  water  phase  and 
the  oil-herbicide  mixture.   Because 
more  water  is  used  than  oil-herbi- 
cide mixture,  the  water  tank  should 
be  two  to  four  times  larger  than 
the  oil-herbicide  tank.   Formation 
of  the  invert  emulsion  occurs  in 
the  centrifugal  pump  of  the  Visko- 
Rhap  System®  and  in  a  separate 
mixing  chamber  on  the  suction  side 
of  a  gear  pump  in  the  Bifluid 
System®.   Since  thickened  sprays 
cannot  be  returned  to  the  spray 
tanks,  a  loop  bypass  around  the 
pump  is  used  to  equalize  pressure. 
Automatic  valves  shut  off  the  flow 
from  both  tanks  if  either  one  is 
empty.   Large  mesh  screens  are  used 
to  prevent  blockage  of  orifices  or 


valves  used  to  meter  the  output 
from  each  tank. 

The  Stull  Bifluid  Spray 
System®  uses  special  metering  ori- 
fices to  regulate  the  flow  from  each 
tank.   Because  viscosity  of  invert 
emulsions  depends  on  the  water-to- 
oil  ratio,  viscosity  and  sprayer 
output  are  varied  by  changing  the 
metering  orifices.   Any  aerial  spray 
nozzle  with  sufficient  output  and 
simple  internal  design,  such  as  D8 
or  DIO  jet  nozzles,  can  be  used. 

The  centrifugal  pump  inverter 
of  the  Visko-Rhap  Spray  System®  has 
an  output  of  20  to  65  gallons  per 
minute  controlled  by  micrometer 
valves  in  the  supply  lines  from  each 
tank.   Viscosity  is  easily  adjusted 
by  changing  the  valve  settings.   The 
boom  is  equipped  with  40  special 
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1440  spray  tips;  each  tip  has  four- 
teen 0.040-inch  jet  orifices.   For 
lower  application  volumes  or  smaller 
droplet  sizes,  1040  (ten  0.040-inch 
orifices)  or  1432  (fourteen  0.032- 
inch  orifices)  spray  tips  are  avail- 
able.  The  Visko-Rhap  System®  is 
designed  for  use  on  fixed-wing  air- 
craft or  on  helicopters  with 
Lycoming  engines;  the  Simplex 
Manufacturing  Company  also  builds 
special  bifluid  kits  for  other 
aircraft . 

Bifluid  systems  have  several 
advantages:   (1)  formation  of  the 
invert  emulsion  occurs  automati- 
cally in  flight,  elminating  premix- 
ing  and  handling  of  thickened 
sprays;  (2)  herbicide,  oil,  and 
water  are  metered  directly  into  the 
mixing  chamber,  assuring  a  known 
constant  viscosity;  and  (3)  viscos- 
ities can  be  varied  for  different 
spraying  conditions  by  changing 
metering  orifices  or  micrometer 
valve  settings.   However,  bifluid 
systems  still  allow  some  drift;  1 
percent  of  the  spray  volume  may  be 
in  droplets  below  200  micrometers 
in  diameter  (Hoffman  and  Haas  1970, 
Phillips  1963).   Distribution  of 
sprays  across  the  swath  can  also 
vary  greatly,  and  plant  coverage  is 
reduced  (Hoffman  and  Haas  1970, 
Lehman  et  al.  1964).   Further, 
final  viscosity  of  the  invert 
emulsion  is  somewhat  dependent  on 
pH  of  the  water  used. 

Spra-Disk® 

In  the  late  1950's,  Amchem 
Products,  Inc.,  developed  the  Spra- 
Disk®  for  helicopter  application 
of  thick  tank  mix  invert  emulsions 
(Kirch  et  al.  1960).   With  this 
system,  inverts  flow  by  a  combina- 
tion of  gravity  and  pump  suction 
through  large  diameter  hoses  from 
the  spray  tanks  to  the  center  of  a 
hollow  spinning  disc  mounted  between 
the  helicopter  skids  (fig.  20).   As 
spray  enters  the  disc,  it  is  forced 
through  12  jet  nozzles  around  the 
disc  perimeter  by  centrifugal  force. 
A  rheostat  operated  by  the  pilot 
controls  disc  speed.   By  varying 
disc  speed,  flying  height,  and  air- 
speed, the  pilot  can  obtain  swath 
widths  between  20  and  50  feet. 


Figure   20. — Amchem' s  Spray-Disk 
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Amchem  Products,  Inc.,  leases 
the  Spra-Disk®  to  aerial  applica- 
tors that  use  Amchem's  invert 
emulsion  formulations.   Because 
Amchem  Products,  Inc.,  services  and 
periodically  calibrates  the  equip- 
ment and  produces  the  specific 
formulations  used,  calibration  data 
supplied  with  the  Spra-Disk  are  very 
accurate  and  require  only  occasional 
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field   checks   by   the   applicator. 
Unfortunately  ,    the  Spra-Disk®  produces 
a  wide  range  of  droplet  sizes,  but  very  few  are 
less  than  1  000  micrometers  in  diameter.  V 

This    is   much    too    large    for   good 
vegetation   control    on    forest    lands 


Availability  of  Spray  Equipment 
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Because  of  increased  interest 
in  drift  control,  types  of  equip- 
ment and  numbers  of  applicators 
using  specialized  equipment  will 
probably  change  in  the  future. 
Most  applicators  will  use  more 
flexible  spray  systems  because  of 
the  high  cost  and  limited  use  of 
specialized  systems. 


Conclusions  and  Recommendations 


All  available  drift  c 
methods  reduce  the  volume 
in  small,  drift- susceptibl 
However,  none  of  them  comp 
eliminate  drift.  Moreover 
advantages  of  more  accurat 
placement  are  not  without 
droplet  size  increases,  sp 
erage  decreases.  Therefor 
to  reduce  drift  may  result 
decreased  herbicidal  effec 
unless  herbicidal  dosage  o 
volume  are  increased  (Behr 
Buehring  et  al.  1973,  Enni 
Williamson  1963,  McKinlay 
1972)  . 
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Personal  communication  from  J. 
Waldrum,  Amchem  Products,  Inc.,  Ambler, 
Pa. 


Fortunately,  maximum  drift 
reduction  is  rarely  necessary  in  the 
remote  areas  typically  treated  in 
forestry.   Drift  reduction  is 
generally  needed  intermittently  near 
specially  sensitive  areas.   There- 
fore, more  flexible  spray  systems 
and  adjuvants  are  desirable.   Based 
on  present  technology  and  informa- 
tion, the  following  types  of  herbi- 
cidal application  equipment  are 
recommended : 

1.  For  maximum  flexibility 

where  good  vegetation  control  and 

good  spray  placement  are  desired, 

use  conventional  spray  equipment 

with  D8-46  hollow  cone  or  D8  jet 

o 
nozzles  or  equivalent  directed  30 

to  45   back  and  airspeeds  below 

50  miles  per  hour. 

2.  For  increased  drift  reduc- 
tion with  little  sacrifice  in  flexi- 
bility or  spray  coverage,  use  D8  or 
equivalent  jet  nozzles  directed 
straight  back  with  the  airstream. 
Future  research  may  show  than  Delavan 
Raindrop®  or  Spraying  Systems  LP® 
nozzles  will  be  more  useful  (Bouse 

et  al.  1976)  . 

3.  For  good  drift  reduction 
and  flexibility  but  some  reduction 
in  coverage,  use  D8  jet  nozzles 
directed  back  with  the  airstream 
and  16  to  32  ounces  of  Lo-Drift® 
or  Nalco-Trol®  per  100  gallons  of 
spray.   If  drift  reduction  is  only 
required  intermittently,  the 
adjuvant  may  be  added  to  individual 
spray  loads  in  the  saddle  tanks. 
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4.   For  maximum  drift  reduc- 
tion where  flexibility  and  coverage 
are  less  important,  use  a  Microfoil 
Boom®  with  0.013-inch  diameter 
orifices.   The  Microfoil  can  only 
be  used  for  foliage  sprays.   Fur- 
ther, it  may  be  necessary  to 


increase  spray  volumes  from  the 
normal  8  to  10  gallons  per  acre  to 
15  to  20  gallons.   Additional 
research  may  show  transducer 
systems  provide  adequate  drift 
reduction  and  better  coverage  than 
the  Microfoil  (fig.  21). 
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Figure  21. — Comparison  of  drift  downwind  from  aerial   sprays  applied  through 
D6-46  nozzles,    D6  jet  nozzles,    transducer  system  of  the  University  of 
California  at  Davis,   and  a  Microfoil   Boom's)  (wilce  et   al.    1974,   reproduced 
with  permission) . 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
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Abstract 

The  hydrology  of  small  forest  streams  in  western  Oregon  varies  by 
time  and  space  in  terms  of  both  streamflow  and  channel  hydraulics. 
Overland  flow  rarely  occurs  on  undisturbed  soils.   Instead,  water  is 
transmitted  rapidly  through  soils  to  stream  channels  by  displacement 
of  stored  soil  water.   Drainage  networks  expand  and  contract  according 
to  the  interaction  between  precipitation  characteristics  and  soil's 
capability  to  store  and  transmit  water.   Drainage  networks  are  more 
extensive  in  winter  than  in  summer.   Streamflow  may  be  1,000  to  5,000 
times  greater  during  winter  storms  than  during  summer  low  flow.   A 
stream's  kinetic  energy  varies  along  with  streamflow.   Channel  width 
and  depth,  heterogeneity  of  bed  materials,  and  the  accumulation  of 
large,  organic  debris  affects  the  dissipation  of  kinetic  energy. 
Clearcutting  can  increase  relatively  small  peak  flows,  but  forest 
roads  and  extensive  areas  of  soil  compacted  by  other  means  may 
increase  larger  peak  flows.   Both  roadbuilding  and  clearcutting  can 
cause  soil  mass  movements  which  can  drastically  alter  a  stream's 
channel  hydraulics  by  adding  debris  or  scouring  the  channel  to  bed- 
rock.  Removal  of  naturally  occurring  organic  debris  that  has  become 
part  of  a  stable  channel  can  accelerate  bed  and  bank  erosion. 

KEYWORDS:   Streamflow,  runoff  cycle,  clearcutting  (-streamflow. 


This  paper  was  presented  at  the  Workshop  on  Logging  Debris  in 
Streams,  Oregon  State  University,  Corvallis,  September  9-10,  1975. 


Introduction 

Small  forest  streams  are  a  valuable 
resource  of  the  Pacific  Northwest.  High 
quality  stream  water  is  used  by  munici- 
palities and  agriculture.   Small  streams 
also  serve  as  spawning  and  rearing  areas 
for  anadromous  fish  and  habitat  for 
resident  trout.   These  streams  originate 
in  and  flow  through  highly  productive 
forests  whose  wood  products  are  vital  to 
the  economy  of  the  Pacific  Northwest. 
In  many  cases,  the  value  of  these  small 
streams  lies  primarily  in  their  effect 
on  downstream  waters,  a  fact  recognized 
by  Oregon's  Forest  Practices  Rules 
(State  of  Oregon  1974) .  Moreover,  the 
quality  and  quantity  of  water  in  these 
small  streams  may  be  drastically  altered 
by  forest  land  management  practices 
(Brown  1973). 

DEFINITION  OF  SMALL  STREAM 

Small  streams  are  those  in  headwater 
areas  where  most  streamflow  originates. 


Small  streams  in  western  Oregon  refers 
to  streams  of  orders  1,  2,  and  3.  The 
order  number  reflects  the  stream's  posi- 
tion in  a  drainage  network.   The  smallest 
streams  are  designated  order  1  (fig.  1). 
They  have  no  surface  tributaries  and 
are  either  intermittent  or  permanent. 
Where  two  first-order  streams  join,  a 
channel  segment  of  order  2  begins,  and 
so  forth  until  the  highest  order  channel 
segment  is  formed.   Some  of  the  small 
streams  in  the  H.  J.  Andrews  Experimental 
Forest  are  shown  in  figure  1.   In  this 
drainage  network  the  highest  stream 
order  is  5.   This  stream  (Lookout  Creek) 
flows  into  Blue  River  (order  6) ,  which 
in  turn  flows  into  the  McKenzie  River 
(order  7),  a  major  tributary  of  the 
Willamette  River.   There  are  conserva- 
tively 250,000  small  stream  channel 
segments  in  western  Oregon  totaling 
several  hundred  thousand  miles  and 
collectively  draining  more  than  80 
percent  of  our  forest  land. 


Figure  1. — Stream  order  numbers  of  some  small    streams 
in   the  H.    J.   Andrews  Experimental    Forest  near  Blue 
River,    Oregon.      Not  all   small   streams  are  shown. 


THE  REGION 

The  climate  of  western  Oregon  is 
influenced  by  the  proximity  of  the 
Pacific  Ocean.   Winters  are  cool  and 
wet,  and  summers  are  warm  and  dry.   Over 
most  of  the  region,  precipitation  occurs 
mainly  as  rain  in  frequent,  long-dura- 
tion, low-  to  moderate-intensity 
frontal  storms.  About  75  percent  of 
annual  precipitation  occurs  between 
October  1  and  April  1.   Elevations 
above  915  m  (3,000  ft)  receive  much  of 
their  annual  precipitation  in  the  form  of 
snow.   Frontal  storms  interact  with 
topography  to  provide  annual  precipita- 
tion in  excess  of  300  cm  (120  in)  on  the 
west  side  of  the  Coast  Ranges  and  the 
Cascade  Range.  The  lower  limit  of 
annual  precipitation  for  most  forest 
watersheds  in  this  region  is  about 
50-75  cm  (20-30  in). 

The  topography  of  most  forest  land  in 
western  Oregon  is  steep.  This  topography 
reflects  the  nature  of  the  climate, 
primarily  the  large  amounts  of  precipita- 
tion and  its  influence  on  runoff  and 
erosion.  Much  of  the  land  is  highly 
dissected,  and  many  slopes  are  extremely 
steep.  These  steep  slopes  exert  a  major 
influence  on  rapid  movement  of  water  to 
streams  and  through  a  stream  system. 

If  there  is  a  term  that  can  most 
appropriately  be  applied  to  the  hydrology 
of  small,  forest  streams,  it  is  "varia- 
bility," not  only  in  streamflow  and 
hydraulic  characteristics  but  also  over 
time  and  space.  This  report  should  make 
it  clear  that  variability  is  the  rule 
rather  than  the  exception.   It  is 
essential  to  keep  variability  in  mind 
while  attempting  to  develop  and  apply 
guidelines  for  managing  forest  lands 
without  damaging  water  resources. 

Subsequent  sections  of  this  report 
deal  with  the  processes  involved  in 
streamflow  production,  channel  flow  and 
associated  hydraulic  characteristics, 
and  the  effects  of  timber  harvesting 
activities  on  streamflow.  The  informa- 
tion presented  applies  mainly  to  rain- 
dominated  hydro logic  systems  and  is 


based  largely  on  results  of  hydrology 
studies  conducted  in  western  Oregon. 
Similarities  in  climate,  vegetation,  and 
physiography  indicate  that,  with  few 
exceptions,  these  hydrologic  processes 
also  apply  to  watersheds  in  western 
Washington  and  the  northern  coast  of 
California  where  rain  is  the  dominant 
form  of  precipitation. 

Hydrologic  Processes 

Streamflow  is  generated  mainly  by 
processes  operating  outside  the  stream 
channel.  Thus,  when  discussing  the 
hydrology  of  a  small  stream,  it  is 
imperative  to  include  the  hydrology  of 
that  stream's  watershed.  Although  the 
latter  is  far  from  being  completely 
understood,  bits  of  information  can  be 
assembled  to  describe  what  most  likely 
occurs  during  runoff  production--the 
multitude  of  processes  which  collectively 
transform  precipitation  to  streamflow. 


FOREST  HYDROLOGIC  CYCLE 

It  may  be  helpful  to  briefly  review 
the  various  processes  influencing  runoff 
production  for  a  rain-dominated  system 
(fig.  2).   Rain  falling  on  a  forest  is 
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Figure  2, — Rain-dominated  hydrologic 
cycle. 


subject  to  interception  by  vegetation 
surfaces.   Some  of  this  intercepted 
water  evaporates,  while  the  remainder 
falls  to  the  forest  floor.  The  relative 
amount  of  rain  evaporated  depends  on 
the  size  and  duration  of  the  storm 
producing  the  rain.   For  example,  in  an 
old-growth  Douglas-fir  forest,  Rothacher 
(1963)  found  that  nearly  100  percent 
of  storms  less  than  0.13  cm  (0.05  in) 
was  intercepted  and  evaporated,  but 
less  than  about  5  percent  of  storms 
totaling  more  than  20  cm  (8  in)  was 
intercepted  and  evaporated.   In  other 
words,  the  larger  the  storm  and  the 
longer  it  lasts,  the  smaller  the  propor- 
tion of  rain  lost  to  evaporation. 

Interception  not  evaporated  falls  to 
the  forest  floor  along  with  rain  not 
initially  intercepted.   On  the  forest 
floor  water  is  subject  to  infiltration. 
Depending  on  the  difference  between  the 
rate  of  water  arrival  at  the  soil  sur- 
face and  the  soil's  infiltration  capac- 
ity or  ability  to  allow  water  to  enter, 
some  water  enters  the  soil  and  some 
may  become  overland  flow.   In  undisturbed 
forest  soils  in  western  Oregon,  infil- 
tration capacities  far  exceed  the  maxi- 
mum rates  of  rainfall  so  that  all  water 
enters  the  soil.   Overland  flow  rarely 
occurs  where  forest  soils  are  undis- 
turbed.  Lack  of  overland  flow  is  one 
of  the  most  important  characteristics 
of  undisturbed  forest  land  in  the 
Pacific  Northwest  as  well  as  in  most 
forested  regions  with  a  humid  climate. 

Once  in  the  soil,  water  is  subject  to 
gravitational  and  capillary  forces  that 
cause  it  to  move  and  frictional  forces 
that  tend  to  restrict  movement.   Because 
of  the  slope  of  most  forest  land  and 
because  soil  conductivity  generally 
decreases  with  depth,  water  entering 
the  soil  begins  to  move  downslope  as 
it  moves  deeper  into  the  soil.   The 
direction  and  rate  at  which  water  moves 
depends  on  rainfall  rates  and  soil 
properties.   Both  rate  and  direction 
vary  considerably  over  the  course  of  a 
storm  (Harr  1977).   Maximum  velocities 
of  soil  water  are  low  and  frequently 
about  equal  to  the  average  rate  of 
rainfall  during  a  storm. 


Relatively  slow-moving  soil  water  is 
subject  to  evaporation  and  to  removal 
by  plants  through  the  process  of 
transpiration.   The  rate  at  which  plants 
withdraw  water  from  the  soil  is  largely 
a  function  of  energy  available  for  water 
vaporization  in  leaves  and  the  ease  with 
which  water  may  be  withdrawn  from  the 
soil.  As  soil  moisture  decreases  during 
the  growing  season,  remaining  water 
becomes  more  tightly  held  by  the  soil. 
As  the  growing  season  progresses,  many 
plants  exhibit  reduced  rates  of  transpi- 
ration and  in  some  cases  transpiration 
may  cease  altogether. 

Streamflow,  on  an  annual  or  longer 
basis,  is  the  difference  between  pre- 
cipitation and  the  evaporation  losses 
described  above.  There  are  changes  in 
soil  moisture  storage  from  time  to  time. 
Some  water  may  also  seep  deep  into  the 
subsoil  and  bedrock  and  not  appear  as 
streamflow  in  a  small  headwater  basin. 
But  generally,  water  not  removed  by 
plants  moves  downslope  to  supply  streams. 
It  is  this  movement  to  stream  channels 
that  we  want  to  examine  in  more  detail. 


COMPONENTS  OF  STREAMFLOW 

At  any  given  time  and  place,  stream- 
flow  is  comprised  of  water  from  channel 
interception  (i.e.,  rain  falling  directly 
on  the  water  surface  or  streambed  within 
a  channel),  overland  flow,  and  subsur- 
face flow.  Although  streamflow  cannot 
be  separated  into  distinct  quantities 
from  these  different  sources,  relative 
amounts  of  water  from  these  sources 
can  have  a  great  influence  on  the  time 
distribution  of  water  arriving  at  the 
stream  channel  and  the  watershed  outlet. 
Classical  hydrology  has  been  characterized 
by  its  emphasis  on  overland  flow  and 
the  importance  of  the  difference  between 
rates  of  precipitation  and  infiltration 
on  the  generation  of  streamflow.   In 
well -vegetated  areas  with  humid  climates, 
however,  overland  flow  is  the  exception 
rather  than  the  rule  (Hewlett  and 
Hibbert  1967).   In  western  Oregon,  over- 
land flow  in  undisturbed  forests  rarely 
occurs.   If  flowing  water  is  observed 
in  this  region,  it  almost  always  will  be 


in  relatively  well-defined  channels  or 
over  seriously  disturbed  soils  such  as 
those  in  roads,  skid  trails,  or  severely 
burned  areas.   In  undisturbed  areas, 
infiltration  capacities  of  soils  are 
extremely  high  and,  in  many  cases,  may 
be  several  hundred  times  greater  than 
maximum  sustained  rates  of  rainfall 
(Dyrness  1969,  Ranken  1974,  Yee  1975, 
Harr  1977) .  With  the  low-  to  moderate- 
intensity  storms  common  to  western 
Oregon,  it  is  highly  unlikely  that  an 
undisturbed  soil  would  not  accept  all 
water  delivered  to  it  as  rainfall. 
Moreover,  soils  are  able  to  transmit 
water  rapidly,  such  that  overland  flow 
over  saturated  soils  is  also  highly 
unlikely  (Harr  1977,  Yee  1975).   The 
lack  of  overland  flow  leaves  channel 
interception  and  subsurface  flow  as  the 
only  sources  of  water  flowing  in  stream 
channels. 


TRANSLATORY  FLOW 

Small  streams  in  western  Oregon 
respond  quickly  to  rainfall,  even  in  the 
absence  of  overland  flow,  which  is  by 
far  the  most  rapid  process  of  water 
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movement.  For  example,  in  the  H.  J. 
Andrews  Experimental  Forest,  maximum 
rates  of  runoff  have  approached  80 
percent  of  the  average  rate  of  rainfall 
for  the  previous  12  to  24  hours  and  75 
percent  of  the  maximum  6-hour  rainfall 
(Rothacher  et  al .  1967).  A  relatively 
small  runoff  event  in  a  10-hectare 
(25-acre)  watershed  is  shown  in  figure  3. 
The  initiation  of  the  storm  hydrographs 
and  the  occurrence  of  peak  flows  closely 
follow  the  beginning  and  the  end  of 
rainfall . 

How  small  streams  respond  quickly  to 
rainfall  without  overland  flow  is  not 
completely  understood.   Perhaps  the  best 
explanation  available  today  is  what 
Hewlett  and  Hibbert  (1967)  have  termed 
"translatory  flow"  or  flow  by  displace- 
ment.  In  this  process,  two  types  of 
flow  are  distinguished  although  they 
are  not  entirely  separable.   If  a  line 
is  extended  from  the  point  of  initiation 
of  a  storm  hydrograph  until  it  inter- 
sects the  falling  limb  of  the  storm 
hydrograph  (fig.  4),  the  flow  above  the 
line  becomes,  by  definition,  quick  flow 
and  consists  of  channel  interception 
and  subsurface  flow.  The  flow  below  the 
separation  line  is  denoted  delayed  flow. 
The  relative  amount  of  quick  flow  is  a 
measure  of  a  watershed's  efficiency  in 
producing  streamflow. 
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Figure  3. — Precipitation  and  streamflow 
at  Watershed  10,  H.  J.  Andrews  Experi- 
mental  Forest,    February   18-20,    1974. 


Figure  4. — Method  of  separating  quick 
flow  and  delayed  flow. 


Rainfall  on  a  slope  will  contribute 
to  quick  flow  and  delayed  flow.   Quick 
flow  is  composed  of  new  rain  and  old 
rain  from  water  stored  in  the  soil  and 
displaced  by  new  rain.   The  wetter  the 
soil,  the  greater  the  contribution  of 
stored  water  to  streamflow.   Rainfall  on 
that  portion  of  a  slope  closest  to  a 
stream  produces  more  quick  flow  than 
rainfall  on  a  higher  slope  position 
because  soil  moisture  content  usually 
is  greater  in  soil  adjacent  to  streams 
due  to  continual  drainage  of  soil  water 
from  upslope.  Thus,  these  lower  slopes 
are  more  conducive  to  translatory  flow. 

Understanding  this  theoretical  process 
of  flow  by  displacement  may  be  aided  by 
examining  the  analogy  of  water  movement 
through  a  garden  hose  which  contains 
some  water.   The  three  faucets  in 
figure  5  represent  different  slope  posi- 
tions, and  the  length  of  hose  attached 
to  each  represents  soil  of  uniform  tex- 
ture. Water  in  the  hoses  is  analogous 
to  soil  water  storage  with  different 
levels  of  water  representing  different 


soil  moisture  contents  among  slope  posi- 
tions. The  dashed  line  represents  the 
level  of  soil  moisture  necessary  for 
substantial  translatory  flow.   Once  the 
water  level  in  a  hose  reaches  this  level, 
the  contribution  from  a  slope  position 
to  outflow  from  the  sloping  hose  will  be 
greatly  increased. 

Rainfall  on  the  slope  would  be 
simulated  by  simultaneously  turning  on 
all  faucets.   It  should  be  evident  that 
water  will  flow  almost  immediately  from 
the  sloping  hose  (start  of  storm  runoff), 
but  that  this  flowing  water  will  not  be 
coming  from  any  of  the  faucets  (new 
rain).   Rather  it  will  be  water  that 
had  been  stored  in  the  lower  portion  of 
the  sloping  hose  (soil  moisture  storage) 
and  was  displaced  by  water  from  the 
lowermost  faucet  (new  rain) .   It  should 
also  be  evident  that  water  from  the 
lowermost  faucet  (lower  slope)  will 
reach  the  host  outlet  (stream)  first, 
followed  by  that  from  the  middle  faucet 
(middle  slope)  and  finally  by  that  from 
the  upslope  faucet.   The  more  water  in 
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Figure    5. — Stored   soil    water  on   a    slope 
represented  by  water  and  garden  hoses. 
Turning  on   faucets   simultaneously 
represents  rain   falling  on   the  slope. 


the  hose  (the  wetter  the  soil  at  a 
certain  slope  position),  the  more  likely 
it  will  be  for  a  certain  faucet  to  con- 
tribute to  hose  outflow  (streamf low) . 
For  the  upslope  faucet  to  contribute  to 
outflow,  it  must  be  left  on  (rainfall 
must  continue)  for  a  period  of  time 
sufficient  for  water  from  it  to  fill  its 
hose  to  the  dashed  line  (increased  soil 
moisture  content)  so  that  this  water 
can  also  contribute  to  the  displacement 
process . 

Two  studies  in  western  Oregon  tend  to 
to  support  this  displacement  theory  of 
rapid  response  of  small,  upland  water- 
sheds to  precipitation  (Yee  1975,  Harr 
1977).   In  both  studies,  soil  moisture 
contents  remained  quite  high  between 
storms.   (In  terms  of  the  garden  hose 
analogy,  hoses  remained  nearly  full.) 
These  high  moisture  contents  allowed 
the  soils  to  respond  quickly  to  subse- 
quent storms;  and  even  1  meter  below 


the  soil  surface,  soil  water  movement 
increased  greatly  during  rainfall. 


VARIABLE  SOURCE  AREA 

Perhaps  the  most  important  concept  in 
the  hydrology  of  small  streams  is  the 
variable  source  area  of  storm  runoff. 
This  concept  relates  storm  runoff  to  a 
dynamic  source  area  that  expands  and 
contracts  according  to  rainfall  charac- 
teristics and  the  capability  of  the  soil 
mantle  to  store  and  transmit  water 
(Hewlett  and  Nutter  1970) .   In  this  way, 
a  channel  network  grows  to  many  times 
its  perennial  dimensions  (fig.  6)  and 
streams  become  both  longer  and  wider. 
A  smaller  degree  of  growth  is  also 
exhibited  over  the  course  of  individual 
storm  events.  This  degree  of  change 
during  winter  storms  is  best  illustrated 
by  the  bottom  two  watershed  conditions 
in  figure  6. 


Figure   6. — Time-lapse  view  of  a   small   water- 
shed showing  the  expansion  of  the  channel 
network  and   source  area   of  storm  runoff 
(dotted  lines) . 


The  variable  source  area  concept  has 
been  supported  by  numerous  hydrologic 
studies  primarily  in  the  eastern  United 
States  (Hewlett  1974) .  This  concept  is 
also  consistent  with  field  observations 
made  in  the  Pacific  Northwest  during 
storm  runoff  periods. 

As  a  result  of  the  variable  source 
area  of  streamflow,  both  quantity  and 
quality  of  streamflow  can  change 
drastically  over  a  given  period  of  time 
because  the  proportion  of  a  watershed 
actively  involved  in  streamflow  produc- 
tion changes.   In  terms  of  organic 
debris,  the  stream  represents  a  deposi- 
tory of  variable  surface  area  as  well  as 
a  mode  of  transportation.  During 
extreme  runoff  events,  debris  not  falling 
directly  into  the  channel  of  the  perma- 
nent stream  may  be  subject  to  transport 
as  the  channel  system  expands.  Conse- 
quently, channel  expansion  has  important 
implications  for  proper  disposal  of 
logging  debris  and  for  application  of 
fertilizer  and  pesticides.  Unless  one 
is  aware  of  the  variable  source  area  of 
streamflow  and  its  associated  channel 
expansion,  it  is  difficult  to  determine 
what  the  length  and  width  of  stream 
channels  will  be  during  winter  high 
flows  by  simply  looking  at  them  during 
summer  low  flows.   It  is  even  more 
hazardous  to  rely  solely  on  maps  to 
determine  stream  length,  because  most 
maps  are  very  inaccurate  in  their 
delineation  of  the  channels  of  small 
streams.   Thus,  on-the-ground  experience 
during  storm  runoff  periods  is  essential 
to  appreciate  the  dynamic  nature  of 
drainage  networks . 


PEAK  FLOW 

As  the  watershed  responds  to  storm 
rainfall,  streamflow  increases  to  a 
maximum  level  known  as  "peak  flow." 
Each  storm  hydrograph  has  its  own  peak 
flow  reflecting  the  interaction  of  rain- 
fall with  the  physical  characteristics 
of  the  watershed.  Higher  sustained 
rates  of  rainfall  contribute  to  greater 
storm  runoff  and  higher  peak  flow.  The 
magnitude  of  the  increase  in  streamflow 


between  the  start  of  storm  runoff  and 
the  peak  is  highly  variable.   It  depends 
on  both  the  antecedent  moisture  content 
of  the  watershed's  soils  (how  much  water 
is  in  the  garden  hose)  and  the  charac- 
teristics of  the  storm.   Increases  in 
streamflow  of  at  least  two  orders  of 
magnitude  are  not  infrequent  between 
the  start  and  the  peak  of  storm  runoff. 
Many  such  peak  flows  occur  each  year 
with  substantial  variation  among  size 
of  peaks  in  1  year  as  well  as  among 
years.  Maximum  peak  flows  have  resulted 
from  rain-on- snow  events  during  which  a 
substantial  portion  of  streamflow  comes 
from  rapid  snowmelt  concurrent  with  the 
downs lope  flow  of  rainwater  we  have  been 
discussing. 

Some  understanding  of  the  frequency 
of  occurrence  of  various  sized  peak 
flows  is  helpful  to  those  dealing  with 
small  streams.   Frequency  information 
is  obtained  through  analysis  of  peak 
flow  data.  The  results  of  one  such 
analysis  is  shown  in  figure  7  where 
magnitude  of  peak  flow  is  plotted  over 
return  period.  Return  period  (Tj.)  is 
given  by 


T  = 
r 


n  +  1 


where,  n  =  years  of  record  and  m  = 
ranking  number  of  a  peak  flow  among  other 
peak  flows  (Linsley  et  al .  1958).   The 
resulting  frequency  curve  may  be  used 
to  estimate  either  the  magnitude  of  a 
peak  flow  with  a  certain  return  period 
or  the  return  period  of  a  peak  flow 
with  a  certain  magnitude.   For  example, 
the  magnitude  of  a  peak  flow  expected 
to  occur  on  the  average  once  in  10  years 
would  be  about  1.37  m^/sec-km^ 
(125  ft^/sec-mi^) .   Larger  peak  flows 
occur  less  frequently. 

The  magnitude  of  peak  flow  is 
inversely  related  to  frequency  of 
occurrence  (figure  8) .  As  magnitude 
of  peak  flow  increases,  the  number 
of  peaks  exceeding  the  magnitude 
decreases.  About  95  percent  of  peak 
flows  larger  than  the  base  value  of 
0. llm^/sec-km^  (10  ft^/sec-mi^)  are 
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Figure   7. — Frequency  curve   for   storm  peak 
flows  at   Watershed   2,    H.    J.    Andrews 
Experimental    Forest,    1953-73. 
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Figure  8. — Size  distribution  of  storm  peak 
flows  greater  than    0.11   m^/s-km^  at 
Watershed   2,   H.    J.   Andrews  Experimental 
Forest,   1953-73. 


smaller  than  the  average  annual  peak 
flow  as  estimated  above.   Thus,  the 
vast  majority  of  peak  flows  occurring 
in  a  small  stream  are  relatively  small. 
The  largest  peak  flow  shown  in  figure  7 
resulted  from  rapid  snowmelt  during 
prolonged  rainfall  and  has  a  return 
period  of  about  25  years.   This  event, 
which  occurred  in  December,  1964,  is 
estimated  to  have  had  a  return  period 
of  50  to  100  years  on  larger  streams 
having  a  longer  period  of  record 
(Rothacher  and  Glazebrook  1968), 
Although  a  minor  rainfall-snowmelt 
runoff  event  may  occur  once  in  2  years, 
the  heavy  rain  on  a  deep  snowpack 
occurs  only  rarely. 


during  the  winter  months  when  storms 
are  frequent  and  relatively  large. 
Streamflow  gradually  decreases  through- 
out the  growing  season  as  sloping  soil 
masses  slowly  drain  and  soil  water  is 
withdrawn  and  transpired  by  plants. 
Minimum  streamflow  in  perennial  streams 
usually  occurs  in  late  summer  to  early 
fall.  Minimum  flow  rates  may  be  1,000 
to  5,000  times  smaller  than  maximum 
peak  flows  that  occur  during  winter 
months.   Flow  may  cease  entirely  in 
many  first-order  streams.   Extreme 
variation  in  flow  rates  has  important 
implications  for  channel  hydraulics 
which  in  turn  influence  sediment 
transport  and  the  disposal  of  organic 
debris . 


MINIMUM  FLOWS 

The  distribution  of  annual  stream- 
flow  for  most  small  watersheds  in 
western  Oregon  closely  follows  the 
distribution  of  annual  precipitation 
(fig.  9).  Maximum  monthly  flows  occur 
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Figure   9. — Monthly  precipitation  and 
streamflow  at   Watershed   2,    H.    J. 
Andrews  Experimental   Forest   for  1972 
water   year. 


Channel  Hydraulics 

So  far  this  discussion  has  been 
restricted  to  routing  water  from  the 
watershed  slopes  to  the  stream.   We 
have  seen  that  both  channel  length  and 
width  increase  markedly  over  time 
according  to  the  nature  of  the  inter- 
action among  certain  hydrologic 
processes.   This  section  examines  the 
water  in  a  stream  channel  and  shows 
how  its  movement  through  the  channel 
is  related  to  certain  characteristics 
of  the  channel,  that  is  its  gradient, 
width,  depth,  and  velocity  of  flow. 
(The  width  discussed  in  terms  of 
expansion  of  channel  networks  referred 
to  distance  across  a  stream  at  a  fixed 
point.  This  width  generally  increases 
and  decreases  over  a  water  year  or 
during  storm  runoff.  The  width  to  be 
described  in  this  section  refers  to  the 
variation  in  distance  across  a  stream 
from  one  channel  segment  to  the  next.) 

Two  basic  relationships  are  involved 
in  water  movement  through  a  channel 
system.  First,  gravitational  and 
frictional  forces  affect  streamflow. 
Gravitational  forces  cause  water  move- 
ment and  frictional  forces  resist  flow. 
The  gravitational  component  depends  on 
the  inclination  of  the  channel  bed;  the 
steeper  the  channel  gradient,  the  greater 
the  gravitational  component  and  the 
greater  the  tendency  for  water  to  flow. 


The  frictional  forces  depend  on  the 
nature  of  the  bed  and  banks,  i.e.,  size 
and  shape  of  bed  materials,  presence 
of  brush  along  banks,  etc. 

The  second  relationship  is  between 
the  rate  of  streamflow  or  discharge 
and  the  hydraulic  characteristics, 
namely,  channel  depth  and  width  and 
streamflow  velocity.  Discharge  Q  at  a 
fixed  point  may  be  expressed  as 

Q  =  WDV 

where  W  =  width,  D  =  depth,  and  V  = 
average  velocity  of  water  past  a  point. 
From  this  equation,  you  can  see  that 
for  any  constant  discharge  Q,  a  change 
in  one  characteristic  on  the  right-hand 
side  of  the  equation  must  be  accompanied 
by  a  change  in  at  least  one  other  char- 
acteristic. For  example,  if  width  W 
doubles  from  one  channel  segment  to 
another  immediately  downstream,  depth  D, 
velocity  V  or  both  must  be  decreased 
such  that  Q  remains  constant . 

Within  a  particular  drainage  network, 
average  channel  gradient  is  inversely 
related  to  stream  order  number.  Thus, 
the  small  streams  we  are  dealing  with 
are  characterized  by  relatively  steep 
gradients.   These  gradients  are,  however, 
averages;  and  there  is  usually  consid- 
erable deviation  from  them  over  the 
length  of  a  channel .  Many  streams 
exhibit  a  pool-riffle  type  of  appear- 
ance in  which  relatively  deep,  low- 
gradient,  slow-moving  pool  segments 
are  separated  by  relatively  shallow, 
high-gradient,  high  velocity  riffle 
segments.   Such  pools  and  riffles  appear 
to  depend  on  some  degree  of  heterogeneity 
of  bed  material  size  (Leopold  et  al . 
1964)  or  heterogeneity  in  resistance 
of  channel  bedrock  to  abrasion.   Pools 
tend  to  form  behind  coarser  bed  materials 
or  behind  ridges  of  rock  more  resistant 
to  abrasion.   In  some  instances,  pools 
may  also  form  behind  logs  or  accumulations 
of  other  organic  debris  (Heede  1972). 

Flowing  water  possesses  considerable 
kinetic  energy  directly  proportional  to 
the  square  of  flow  velocity.  As  velocity 
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increases  with  an  increase  in  stream- 
flow  or  channel  gradient,  energy  of 
flowing  water  in  a  uniform  channel,  that 
is,  one  with  no  change  relative  to  dis- 
tance in  gradient,  depth,  or  width, 
will  also  increase.  Energy  is  dissipatec 
by  the  resistance  between  the  stream  and 
its  bed  and  banks;  by  internal  resis- 
tances caused  by  boundary  features 
such  as  bends,  bed  topography,  junc- 
tures, etc.  that  set  up  eddies  and 
secondary  circulations;  and  by  spill 
resistance  caused  by  water  flowing 
rapidly  over  an  obstruction  into  flow 
of  much  lower  velocity.   In  many  small 
streams,  logs  and  other  large  organic 
debris  serve  as  energy  dissipators  by 
acting  as  flow  deflectors  and  as  dams 
over  which  water  must  flow.  The 
kinetic  energy  of  flowing  water 
increases  and  decreases  with  velocity 
in  a  downstream  direction  as  the 
gradient  constantly  changes  and  as 
water  flows  through  a  pool -riffle 
series  of  which  large  organic  debris 
may  be  an  integral  part. 

Seasonality  of 
Runoff  Processes 

The  seasonality  of  runoff  production 
may  be  summarized  by  describing  the 
sequence  of  streamflow  conditions  for 
a  small  watershed.  This  watershed  is 
drained  by  a  permanent,  second  order 
stream. 

In  late  summer  prior  to  the  fall 
rains,  soil  moisture  levels  are  at  their 
lowest  because  water  has  been  removed 
by  evapotranspiration  and  slow  drainage 
to  streams.   Storms  are  infrequent  and 
small  and  a  large  proportion  of  rainfall, 
when  it  does  occur,  is  intercepted  by 
forest  vegetation  and  evaporated  with 
little  water  reaching  the  soil.  Any 
storm  runoff  during  this  period  results 
almost  entirely  from  channel  intercep- 
tion, and  peak  flows  are  extremely  small. 
Consequently,  the  stream  has  little 
capacity  to  move  sediment  or  transport 
more  than  small,  floatable  debris. 
Streamflow  is  maintained  by  slow  drain- 
age from  soil  into  isolated  saturated 
zones  from  which  water  seeps  slowly  into 
the  adjacent  stream.   Streamflow  is  at 


a  very  low  rate,  and  stream  network 
dimensions  are  at  annual  minimums .  Most 
first  order  channels  have  no  flow,  and 
those  containing  water  are  short  with 
their  flow  occupying  only  a  small  part 
of  their  widths.   Flow  may  consist  of 
a  slow  trickle  between  relatively 
isolated  pools . 

With  the  advent  of  fall  rains,  the 
forest  hydrologic  system  becomes  more 
active.   Interception  losses  become 
proportionally  smaller  as  storms  become 
larger  and  more  frequent.   Gradually, 
rain  falling  on  the  moist  lower  slopes 
is  translated  to  streamflow  to  supplement 
channel  interception.  As  rains  continue, 
soil  moisture  levels  increase  upslope, 
and  the  stream  channel  network  begins 
to  expand.   Because  soil  becomes  wetter 
and  more  conducive  to  translatory  flow 
and  because  the  stream  channel  network 
has  tapped  more  of  the  watershed's 
slopes,  an  increasingly  greater  propor- 
tion of  each  succeeding  fetorm  is  trans- 
lated into  stormflow.   Peak  flows  have 
also  increased. 

By  late  fall  or  early  winter,  the 
runoff  production  system  is  near  maxi- 
mum efficiency.  Soils  have  been 
recharged,  and  they  remain  wet  between 
storms.   A  large  proportion  of  rain 
falling  on  the  entire  watershed  is 
translated  into  storm  runoff.   During 
the  larger  storms,  the  extent  of  the 
drainage  network  is  at  a  maximum.  Main 
channels  have  extended  into  the  more 
remote  parts  of  the  watershed,  and  even 
intermittent  channels  now  carry  water. 
Soil  water  storage  in  the  slopes  feeding 
these  intermittent  streams,  however,  is 
insufficient  to  maintain  streamflow 
between  storms,  and  the  channel  network 
shrinks  back  to  the  channel  segments 
which  flow  continually  in  the  winter. 
During  most  winter  storms,  interception 
by  vegetation  is  of  little  consequence. 
Transpiration  rates  during  the  winter 
are  also  quite  low.   Generally, 
decreases  in  soil  moisture  result  from 
drainage  of  soil  between  storms.   Peak 
flows  are  relatively  large,  and  the 
stream  is  capable  of  moving  large 

amounts  of  debris. 


By  early  spring,  evapotranspiration 
losses  become  more  important  and,  in 
terms  of  runoff  production,  the  water- 
shed becomes  less  efficient.   Storms 
gradually  become  smaller  and  less  fre- 
quent.  Forest  vegetation  begins  to 
withdraw  soil  water  such  that  increasing 
amounts  of  water  are  required  to 
recharge  the  soil  water  reservoir. 
Consequently,  the  portion  of  the  water- 
shed contributing  to  storm  flow  con- 
tracts toward  stream  channels.   In 
cases  where  soil  water  storage  is 
insufficient  to  maintain  streamflow, 
flow  ceases  altogether,  and  the  water- 
shed's drainage  network  contracts. 

Finally,  as  summer  comes,  the 
efficiency  of  the  watershed's  runoff 
production  decreases  still  further. 
Storms  are  small,  relatively  infrequent 
and  interception  losses  are  high. 
Translatory  flow  becomes  less  prevalent, 
and  storm  runoff  results  largely  from 
channel  interception.  Drainage  of 
soil  and  subsoil  to  stream  channels 
continues  but  at  a  steadily  decreasing 
rate.   Transpiration  by  forest  vege- 
tation reaches  a  maximum,  also 
decreasing  soil  water  storage.   Stream 
channels  shorten  until  the  drainage 
network  is  at  an  annual  minumum  size. 

Effects  of  Management 
Activities 

Watershed  studies  in  western  Oregon 
have  evaluated  the  effects  of  timber 
harvesting  activities  on  streamflow. 
A  brief  review  of  these  effects  on 
various  aspects  of  streamflow  follows. 


ANNUAL  STREAMFLOW 

Increases  in  the  amount  of  water 
flowing  from  a  watershed  after  cutting 
forest  vegetation  has  been  shown  many 
times  in  many  places  (Hibbert  1967) . 
In  western  Oregon,  such  increases  are 
near  the  maximum  observed.   For  example, 
after  extensively  clearcutting  a  small 
watershed  in  the  Oregon  Coast  Ranges, 
annual  streamflow  increased  60  cm 
(24  in)  (Harris  1973).   Similarly, 
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clearcutting  an  entire  watershed  in 
the  western  Cascade  Range  increased 
annual  streamflow  46  cm  (18  in) 
(Rothacher  1970).   Watersheds  less 
extensively  cut  showed  smaller 
increases.   In  terms  of  the  hydrologic 
system  described  in  this  report, 
removal  of  forest  vegetation  drastically 
reduces  interception  and  transpiration 
losses  such  that  more  soil  water  drains 
into  streams.  As  vegetation  returns, 
however,  such  increases  in  annual 
streamflow  decrease  as  both  intercep- 
tion and  transpiration  increase. 


MINIMUM  FLOWS 

Removal  of  forest  vegetation  consid- 
erably increases  streamflow  during  the 
summer  low  flow  period.  Although 
absolute  increases  are  small,  relative 
increases  are  large.   For  example,  mini- 
mum flows  were  tripled  after  a  small 
watershed  in  the  western  Cascade  Range 
was  clearcut  and  burned  (Rothacher  1971). 
Similar  increases  in  low  flow  were 
observed  in  the  Coast  Ranges  (Harr  and 
Krygier  1972).  Again,  such  increases 
result  from  drastically  reduced  trans- 
piration making  more  soil  water  available 
for  streamflow.   Such  increases  are 
relatively  short-lived  as  revegetation 
occurs . 


PEAK  FLOWS 

Removal  of  forest  vegetation  increases 
average  peak  flows.  Greatest  increases 
have  been  noted  for  fall  peaks  (Rothacher 
1973,  Harr  et  al.  1975).   Such  increases 
have  resulted  primarily  from  changes  in 
soil  moisture  contents  on  areas  where 
trees  are  cut.  When  forest  vegetation 
is  removed,  soil  moisture  contents 
remain  higher  than  on  a  forested  area 
so  that  less  fall  rain  is  required  to 
recharge  soil  moisture,  and  more  rain- 
fall can  be  translated  into  streamflow. 
By  winter,  however,  when  soil  moisture 
in  a  cut  area  has  been  recharged,  the 
cut  area  responds  nearly  the  same 
hydrologically  as  it  did  before  its 
trees  were  removed.   Interception  is 


less  after  trees  are  removed;  but  as  we 
saw  previously,  interception  during 
larger  winter  storms  is  minimal.  Thus, 
timber  removal  has  little  effect  on  the 
size  of  large  peak  flows  (Rothacher 
1971  and  1973,  Harris  1973,  Harr  et  al. 
1975). 

Soil  disturbance,  on  the  other  hand, 
may  have  a  pronounced  effect  on  the  size 
of  even  large  peak  flows.  For  example, 
road  surfaces  have  virtually  no  infil- 
tration capacity,  and  road  cuts  may 
intercept  slow  subsurface  flow  and 
rapidly  transport  water  through  a 
ditch-culvert  system.  As  a  result,  peak 
flows  for  small,  headwater  streams  may 
be  increased  when  roads  occupy  at  least 
12  percent  of  a  watershed  (Harr  et  al . 
1975)  .  There  is  some  indication  that 
severe  soil  disturbance  resulting  from 
tractor  skidding  and  windrowing  slash 
may  also  increase  larger  peak  flows 
(Harr  1976). 


CHANNEL  HYDRAULICS 

Certain  forest  activities  may 
indirectly  affect  channel  hydraulics 
of  small  streams  by  accelerating  the 
occurrence  of  soil  mass  movements,  a 
major  form  of  natural  erosion  in  west- 
em  Oregon  as  well  as  in  other  areas 
of  extremely  steep  topography.  For 
example,  most  soil  mass  movements  in 
the  H.  J.  Andrews  Experimental  Forest 
have  been  associated  with  roads 
(Dyrness  1967) .  Roads  were  also  the 
major  source  of  sediment  in  study  in 
the  Coast  Ranges  (Brown  and  Krygier 
1971).  Clearcutting  on  steep  slopes 
with  shallow,  residual  soils  can  also 
increase  the  frequency  of  occurrence 
of  soil  mass  movements  (Swanston  1974) . 
Large  amounts  of  soil,  rock,  and 
organic  debris  frequently  are  deposited 
in  small  streams.  Channel  hydraulics 
are  seriously  altered  not  only  by  this 
deposition,  but  also  by  the  sudden 
release  of  water  and  debris  when  a  dam 
formed  by  such  deposition  fails  and  a 
stream  channel  is  scoured  to  bedrock 
(Fredriksen  1970). 
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Channel  hydraulics  may  be  adversely 
affected  by  removal  of  naturally 
occurring  large  organic  debris.   In 
many  instances,  such  debris  may  have 
become  part  of  a  stable  stream  environ- 
ment and,  as  stated  previously,  serves 
as  dissipator  of  a  stream's  kinetic 
energy.  After  such  naturally  occurring 
debris  is  removed  in  stream  cleanup, 
during  or  after  timber  harvest,  severe 
erosion  of  stream  banks  and  beds  may 
occur.  Where  debris  is  keyed  into 
banks,  removal  may  reduce  lateral 
support  of  soil  masses  and  expose  soil 
to  flowing  water.   Kinetic  energy, 
formerly  dissipated  by  water  flowing 
over  debris  dams,  may  be  used  to  erode 
stream  banks  and  move  bed  material. 


Summary 


1.  Subsurface  flow  of  water  through 
the  soil  mantle  is  the  primary 
mechanism  by  which  water  is  trans- 
mitted from  the  soil  surface  to 
streams.   Overland  flow  rarely 
occurs  because  infiltration  capac- 
ity of  undisturbed  forest  soils 

is  rarely  limiting. 

2.  A  watershed's  channel  system 
expands  and  shrinks  according  to 
the  interaction  between  rainfall 
characteristics  and  the  ability 
of  the  soil  mantle  to  transmit 
water.   Consequently,  a  drainage 
network  is  much  larger  during 
winter  storms  than  during  late 
summer. 

3.  Flow  rates  vary  considerably.   Peak 
flows  in  winter  may  be  1,000  to 
5,000  times  greater  than  summer  low 
flows.   Peak  flow  during  winter 
storms  may  be  100  times  greater  than 
flow  before  storms.  The  larger  a 
peak  flow,  the  less  its  frequency 

of  occurrence. 

4.  Channel  hydraulic  characteristics 
vary  greatly  over  time  and  space 

due  to  heterogeneity  of  bed  materials 
and  to  the  accumulations  of  large 
organic  debris. 

5.  Annual  streamflow,  summer  flow,  and 
small  peak  flows  (notably  those  in 
the  fall)  may  be  increased  after 
clearcut  logging.   Large  peaks  are 


not  affected  by  forest  cutting  but 
may  be  increased  when  seriously 
compacted  soil  occupies  at  least  12 
percent  of  the  watershed. 

6.  Both  clearcutting  and  roadbuilding 
may  cause  soil  mass  movements  in 
some  areas.   Such  mass  movements, 

as  well  as  those  occurring  naturally, 
may  drastically  change  the  channel 
hydraulics  of  small  streams  by 
damming  or  scouring  them. 

7.  Large  organic  debris  may  be  part  of 
a  stable  channel.   Removal  of  such 
naturally  occurring  debris  during 
stream  cleanup  after  timber  harvest 
may  accelerate  erosion  of  stream 
banks  and  channels. 
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Abstract 

Large  organic  debris  has  historically  been  an  important 
element  in  small  moimtain  streams  of  the  Pacific  Northwest.  The 
debris  serves  to  slow  the  movement  of  water  and  inorganic  and  fine 
organic  matter  through  the  channel.  Debris  may  remain  in  the  channel 
for  decades  or  longer,  and  tends  to  stabilize  some  sections  of  a 
streambed  and  streambanks  while  destabilizing  other  areas.   The  com- 
bination of  clearcutting  and  the  complete  removal  of  large  debris  in 
a  channel  may  deprive  a  stream  of  this  natural  feature  of  streams  for 
a  century  or  longer.   The  consequences  are  likely  to  be  downcutting 
and  "channelization"  of  the  stream,  accelerated  transport  of  fine 
organic  and  inorganic  sediment,  and  a  possible  decrease  in  biological 
productivity  of  the  stream  ecosystem.   Therefore,  stream  debris  manage- 
ment during  logging  operations  should  include  leaving  undisturbed  the 
natural,  stable  organic  debris  in  the  channel. 

The  principal  factors  controlling  the  concentration,  stability, 
and  functions  of  stream  debris  are  the  history  and  condition  of  the 
surrounding  timber  stand,  flushing  history  of  the  channel,  stability 
and  abundance  of  bedload  material,  steepness  of  the  channel  and  adjacent 
hillslopes,  and  slope  stability  in  the  drainage.   Because  of  this 
complexity,  each  stream  presents  a  unique  situation  which  should  be 
inspected  in  the  field  and  considered  on  an  individual  basis  before  a 
debris  management  decision  is  made. 
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1  foot 

1  yard 

1  ton 

1  ton/100  foot  of  channel 

1  acre 

2 
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Introduction 

Determining  optimum  amounts  of 
large  debris  in  streams  is  difficult. 
The  situation  is  complicated  by  the 
complexity  and  variability  of  the 
stream  environment  and  the  variety  of 
ways  resource  managers  view  stream 
debris.   Fisheries  biologists,  stream 
ecologists,  water  quality  experts, 
and  road  design  and  maintenance  per- 
sonnel would  all  probably  set  differ- 
ent standards  for  stream  debris  con- 
centrations. Much  of  the  present 
indecisiveness  about  management  of 
stream  debris  may  stem  from  lack  of 
understanding  of  the  biological  and 
physical  functioning  of  debris  in 
small  mountain  streams.   The  theme 
of  this  paper  is  that  streams  and 
their  biota  developed  through  a  long 
history  of  high  concentrations  of 
debris  and  that  perhaps  a  closer 
look  at  the  history  of  natural  debris 


in  stream  environments  will  help  in 
managing  these  streams  in  the  future. 

The  following  comments  are  the 
result  of  a  reconnaissance  study  of 
large  debris  in  stieams  which  is  being 
carried  out  by  the  authors  along  with 
hydrologist  R.  L.  Beschta  (Oregon 
State  University) .  We  are  attempting 
to  assess  the  origins  and  history 
and  biological,  hydrologic  and  geo- 
morphic  impacts  of  stream  debris  in 
both  undisturbed  and  man-influenced 
streams  in  western  Oregon.  The 
results  of  this  work  are  still  in  a 
preliminary  form. 

Background 

The  streams  of  western  Oregon 
and  Washington  are  commonly  littered 
with  tree  tops,  limbs,  root  wads,  and 
whole  trees  (fig.  1).   Debris  greatly 


Figure  1. --Large  organic  debris  in   Lookout 
Creek,   H.    J.    Andrews   Experimental   Forest. 
Note  figure  in  left   center  of  picture. 


influences  stream  biology,  hydrology, 
and  sediment  transport.   Therefore,  it 
is  surprising  how  little  study  there 
has  been  of  the  origin,  fate,  and  con- 
sequence of  large  organic  debris  in 
streams. 

The  only  published  work  on  quan- 
tities of  organic  matter  in  Pacific 
Northwest  streams  is  that  of  H.  A. 
Froehlich  and  his  students  (Froehlich 
1971;  Froehlich,  McGreer,  and  Sedell 
1972;  Lajnmel  1972;  Froehlich  1973). 
Their  studies  have  been  designed  to 
assess  volume  and  weight  of  coarse 
and  fine  debris  in  streams  flowing 
through  various  types  of  stands . 
They  sampled  streams  before  and  after 
falling  and  after  yarding  in  units 
harvested  with  various  logging  systems 
and  stream  protection  procedures.  The 
measured  quantities  of  organic  debris 
in  undisturbed  streams  were  both  very 
large  and  extremely  variable.  Meas- 
ured concentrations  range  from  0.9 
ton  up  to  26  tons/ 100  ft  of  channel. 
They  also  observed  that,  following 
logging,  the  volume  of  debris  in  the 
streams  had  been  modified  to  levels 
ranging  between  60  and  360  percent 
of  prelogging  debris  concentrations, 
depending  on  the  management  procedures 
used. 

The  biological  consequences  of 
large  debris  have  been  reviewed  by 
Narver  (1971),  Brown  (1974),  Hall  and 
Baker  (1975),  Triska  and  Sedell  (1975), 
and  others.  Excessive  large  debris 
may  form  jams  which  block  fish  passage, 
cause  spawning  areas  to  be  flooded 
with  gravel,  and  increase  streambank 
cutting.  Movement  of  debris  may  shift 
gravel,  possibly  destroying  eggs  and 
alevins.   Large  debris  also  has  bene- 
ficial functions  in  the  stream  environ- 
ment.  In  many  situations  large  debris 
tends  to  stabilize  the  streambed  and 
banks.  The  presence  of  stable  debris 
slows  the  routing  of  fine  organic 
matter  through  the  stream,  allowing 
greater  opportunity  for  biological 
processing  of  fine  organic  detritus. 
Bustard  and  Narver  (1975)  also  cite 
the  importance  of  logs  and  roots  as 


overwinter  cover  sources  for  salmon  and 
warn  against  "overzealous  stream  cleaning." 

Geomorphic  consequences  of  large 
debris  in  streams  have  been  studied  even 
less  than  the  biological  effects.   In 
small  New  England  streams,  Zimmerman 
et  al.  (1967)  observed  that  channel 
width  in  forested  stream  sections  tended 
to  be  wider  and  more  variable  than  streams 
cut  through  sod  covered  banks .  Forest 
vegetation  may  have  a  variable  effect  on 
the  stability  of  the  banks  and  bed. 
Stability  is  enhanced  and  the  channel  is 
narrowed  where  root  systems  extend  through 
the  banks  and  channel  bottom.  The  channel 
may  also  be  destabilized  and  widened  above 
debris  dams  and  where  trees  are  tipped 
over.   In  drainages  larger  than  several 
square  miles,  stream  width  is  more  uniform 
than  in  smaller  basins.   Zimmerman  and 
others  believe  that  in  small  streams 
living  and  dead  vegetation  is  important 
in  shaping  channel  geometry,  but  this 
influence  drops  off  sharply  in  larger 
streams  where  hydraulic  capabilities  of 
the  stream  become  dominant. 

Several  unpublished  USDA  Forest 
Service  reports  and  Colman  (1973)  note 
that  large  debris  in  streams  tends  to 
destabilize  the  streambed  and  banks. 
This  is  particularly  common  in  gravel- 
rich  streams  where  natural  and  man-caused 
hillslope  instability  has  accelerated 
sediment  supply  to  the  channel.   In 
these  settings,  large  organic  debris 
may  slow  sediment  transport,  cause 
braiding  or  meandering  of  the  channel 
over  its  widened  bed  and  lead  to  stream 
bank  cutting.   Increased  bank  erosion 
aggravates  the  stream  problems  by 
introducing  more  sediment  to  the  channel 
and  possibly  causing  more  extensive 
instability  of  adjacent  hillslopes. 

Although  the  biologic  and  geomorphic 
consequences  of  debris  in  streams  cannot 
yet  be  quantified  in  terms  of  fisheries 
productivity,  sediment  yield,  or  other 
impacts,  there  does  seem  to  be  a  growing 
recognition  of  the  importance  of  large 
organic  debris  in  the  stream  environment. 
Past  recommendations  for  stream  debris 
management  state  a  need  to  maintain 
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moderate,  premanagement  levels  of  large 
stream  debris  (Heede  1972a,  b;  Brown 
1974;  Bustard  and  Narver  1975;  and 
others) . 

Movement  of  Large  Organic 
Debris  Into  Streams 

Large  organic  debris  enters  the 
the  stream  channel  by  a  variety  of 
mechanisms.   Several  of  the  mechanisms 
are  interrelated,  allowing  debris  to 
enter  the  stream  by  a  chain  reaction 
of  events . 

A  high  percentage  of  stream 
debris  is  comprised  of  tree  tops, 
large  limbs,  and  whole  trees  blown 
into  streams  by  strong  winds.  These 
pieces  may  land  directly  in  the  creek 
or  on  the  adjacent  hi  lis  lopes  and 
then  slide  into  the  creek.  Therefore, 
streams  in  narrow,  steep  walled  valleys 
may  tend  to  receive  more  large  debris 
than  streams  flowing  through  similar 
timber  stands  on  broad,  flat  flood 
plains. 

Undercutting  of  streambanks  may 
also  cause  trees  to  tip  into  the 
channel.  This  process  is  particularly 
effective  in  getting  massive,  stable 
root  wads  and  tree  trunks  into  streams . 
In  western  Oregon  this  process  is  most 
important  on  the  larger  streams  which 
can  rework  their  flood  plain.  The 
small  first-,  second-,  and  third-order 
channels  are  commonly  cut  on  bedrock 
so  the  streams  have  limited  ability 
for  lateral  cutting.   (Stream  order 
is  defined  by  Har:;:  (1976)  and  Leopold, 
Wolman,  and  Miller,  1964). 

In  a  variety  of  ways  the  slow 
encroachment  of  deep-seated  slumps 
and  earthflows  on  stream  channels 
leads  to  heavy  loading  of  limited 
reaches  of  channel  (up  to  hundreds 
of  yards)  with  both  large  organic 
debris  and  inorganic  sediment 
(Swanson  and  James  1975) .   Earthf low 
movement  tips  trees,  making  them 
highly  sensitive  to  windthrow. 
Earthflows  also  constrict  a  stream 


channel  until  a  high  discharge  event 
undermines  the  toe  of  the  earthflow 
and  the  opposite  streambank,  causing 
a  series  of  small  slumps  and  slides 
which  carry  organic  matter,  including 
whole  trees,  into  the  channel.  The 
continued  closing  of  the  channel  and 
instability  of  the  streambanks  result 
in  the  formation  of  high  stacks  of 
loosely  structured  debris. 
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It  is  often  difficult  to  pin-point 
a  single  mechanism  as  the  means  by  which 
an  individual  piece  of  large  debris  has 
entered  the  channel.   For  example,  at 
the  toe  of  an  earthflow,  the  combined 
forces  of  bankcutting,  windthrow,  and 
deep-seated  earth  movement  may  work 
together- -the  earthflow  tipping  the 
tree  and  aiding  streambank  erosion, 
both  of  which  render  the  tree  highly 
susceptible  to  blowdown. 

Movement  of  Large  Organic 
Debris  Along  Streams 

Large  pieces  of  organic  debris 
are  moved  through  a  stream  system  by 
a  variety  of  mechanisms  ranging  from 
episodic  flushing  during  extreme  flood 
events  to  the  everyday  release  of 
dissolved  or  finely  divided  material 
as  a  result  of  decomposition  and  physical 
breakdown  by  wood  processing  invertebrates, 
In  many  cases,  streams  bypass  debris 
accumulations,  leaving  the  debris  buried 
in  the  flood  plain  to  decompose  for  long 
periods  until  the  stream  cuts  back  to 
rework  the  deposit.   These  slow,  per- 
sistent processes  of  debris  decay  and 
breakup  are  probably  dominant  mechanisms 
of  movement  of  large  organic  debris  out 
of  many  western  Oregon  streams.   It  is 


the  violent  flushing  events,  however, 
which  present  the  greatest  concern  to 
land  managers.  Flushing  occurs  either 
by  flotation  during  high  water  or  by- 
transport  in  debris  torrents  as  large 
volumes  of  organic  debris,  soil,  rocks, 
and  water  are  "sluiced  out"  of  channels. 

The  ability  of  a  stream  or  river 
to  float  large  debris  depends  on  both 
the  size  of  the  free-flowing  part  of 
the  water  course  and  the  size  of 
debris.   In  large  rivers  such  as  the 
main  branch  of  the  McKenzie,  nearly 
any  piece  of  organic  material  that 
enters  the  river  can  be  floated  and 
transported  downriver.   Of  course, 
smaller  streams  can  float  only  small 
debris.   Floated  debris,  especially 
in  small  streams,  usually  does  not 
travel  far  before  it  is  stranded 
on  streambanks  at  high  flow  levels 
or  against  obstructions  in  the 
channel.   Culverts  and  stream  crossings 
are  particularly  troublesome  obstruc- 
tions which  may  sustain  heavy  damage 
from  floated  debris  and  associated 
drainage  problems  (Rothacher  1959; 
Rothacher  and  Glazebrook  1968) . 

Very  large  debris  can  be  trans- 
ported through  small  channels  only  in 
debris  torrents  such  as  those  described 
by  Fredriksen  (1963,  1965).   Such 
highly  destructive  events  are  of 
great  concern  to  land  managers . 
Torrents  damage  roads,  denude  signi- 
ficant areas  of  timber  growing  land, 
and  severely  disturb  the  stream 
environment . 

Debris  torrents  may  be  triggered 
by  the  breakup  of  debris  jams  in  a 
channel,  the  collapse  of  a  road  fill 
in  a  channel  way,  or  a  slide  entering 
the  channel  from  the  adjacent  hills  lope. 
Slides  and  debris  avalanches  from 
hillslopes  may  trigger  debris  torrents 
in  several  ways.   Slide  debris  may 
enter  the  channel  and  temporarily  block 
it,  backing  up  a  small  lake  until  the 
dam  is  saturated  or  undercut,  releasing 
a  surge  of  debris  down  the  channel. 
In  many  cases  slide  debris  probably 
moves  directly  down  the  channel,  main- 


taining the  momentum  picked  up  coming 
down  the  steep  slope  at  the  side  or 
head  of  the  stream. 

Regardless  of  the  triggering 
mechanism,  once  a  debris  torrent  has 
begun,  it  moves  rapidly  down  channel, 
entraining  sediment  and  debris  in  the 
channel  and  soil,  organic  detritus, 
and  living  vegetation  from  adjacent 
hillslopes  as  it  scours  the  streambed 
and  banks.   Decreasing  stream  gradient 
and  channel  obstructions,  including 
heavy  stands  of  timber,  eventually 
stop  the  torrent  and  create  an  area 
of  deposition.   Such  torrents  are  rare 
in  channels  larger  than  second-  or 
third-order  because  a  steep  channel 
gradient  is  needed  to  maintain  the 
momentum  of  the  churning  mass  of  debris. 

Torrents  commonly  scour  up  to  20 
feet  on  the  streambanks,  exposing  bare 
soil  which  is  subject  to  surface  erosion 
and  small  scale  slumping  and  sloughing 
for  a  period  of  years  after  the  initial 
event.   This  material  is  eventually  moved 
downstream  as  bedload  and  collects 
behind  the  sediment  and  debris  deposited 
by  the  torrent.   In  low  gradient  settings 
the  organic  matter  in  the  jam  acts  as  a 
regulating  valve,  rotting  over  the 
course  of  one  to  two  centuries  and 
slowly  releasing  the  stored  mineral 
sediment  to  downstream  areas. 

To  develop  a  feeling  for  the  fre- 
quency and  significance  of  debris  torrents, 
we  can  turn  to  two  study  sites  in  the 
Cascades.   The  H.  J.  Andrews  Experimental 
Forest  near  Blue  River,  Oregon,  has 
experienced  at  least  38  debris  torrents 
since  1950^.   These  events  scoured 
between  50  and  1,650  yd  of  stream 
channel  each.  Morrison  (1975)  studied 
15  debris  torrents  which  occurred  in  the 
Alder  Creek  drainage,  a  tributary  to 
Fall  Creek  in  the  Willamette  National 
Forest.  He  estimated  the  debris  torrents 
in  the  4,300-acre  drainage  scoured  soil 


Swanson,  Frederick  J.   Unpublished 
data  on  file  at  the  School  of  Forestry, 
Oregon  State  University,  Corvallis. 


from  about  17  acres  of  streams ide 
hillslopes  in  the  past  90  years.  About 
45  percent  of  this  erosion  was  the 
result  of  management  activities  during 
the  past  11  years. 

The  sites  where  debris  torrents 
were  initiated  have  been  analyzed  to 
determine  land  management  history  and 
whether  or  not  slides  from  adjacent 
hillslopes  appeared  to  have  started 
the  debris  torrent  (table  1) .  These 
data  indicate  slides  from  hillslopes 
are  the  dominant  mechanism  of  initi- 
ating debris  torrents,  having  been 
a  contributing  factor  in  83  percent 
of  the  53  torrents  analyzed.  The 
dominance  of  roads  as  slide  initiation 
sites  (Dyrness  1967;  Morrison  1975; 
Swanson  and  Dyrness  1975)  is  reflected 
in  the  high  frequency  of  debris 
torrents  triggered  by  road-related 
slides  (table  1).  Most  of  the  road 
failures  that  resulted  in  debris 
torrents  were  fill  failures  in  steep 
headwall  settings  where  organic  debris 
had  no  apparent  role  in  triggering 
the  slide.  Only  nine  of  the  torrents 
appear  to  have  been  initiated  in  stream 


channels  in  forested  and  clearcut  areas. 
In  these  settings,  mobilization  of  organic 
debris  in  the  channels  is  a  likely  trig- 
gering mechanism  for  torrents.   In  six 
of  these  cases,  slump  and  earthflow  movement 
into  the  stream  probably  contributed  signi- 
ficantly to  channel  instability.   In  one 
drainage  where  the  headwaters  have  been 
clearcut  and  there  is  active  deep-seated 
mass  movement,  the  channel  has  had  three 
debris  torrents  in  the  past  25  years . 
A  large  fan  of  debris  at  the  foot  of  the 
watershed  indicates  debris  torrents  also 
occurred  frequently  before  there  were 
any  management  activities  in  the  area. 

Although  these  reconnaissance  studies 
■suggest  that  debris  in  streams  is  not  a 
primary  cause  of  debris  torrents  in  the 
Cascades,  debris  is  commonly  believed  to 
aggravate  the  destructiveness  of  torrents 
once  they  have  begun.  As  a  torrent  moves 
down  channel,  it  picks  up  debris  which 
had  previously  collected  in  the  channel. 
The  work  of  Froehlich  (1973)  and  others 
indicate  this  may  amount  to  more  than 
20  tons  of  downed  organic  matter  per 
100  ft  of  stream  channel.   Large  volumes 
of  entrained  debris,  however,  may  cause 


Table  l--Land-use  status  of  tTiggering  sites  of  debris  torrents  in  the 
H.   J.   Andrews  Experimental  Forest^   and  Alder  Creek  drainage 


Site 


Percent  of 

watershed 

in  1975 


Period  of 
record 


Debris  torrents 


Triggered  by 
hi  lis  lope  slides 


With  no  identified 
related  slide 


Total 


Per  square 
mile 
per  year 


Years 


H.  J.  Andrews  Experimental  Forest  (15,860  acres] 

Clearcut  18.7       25           5 

Road  3.3       25          17 

Forest  78.0       25           9 


11 

6 

0.10 

— 

17 

.83 

1 

10 

.02 

Total       100.0 
Alder  Creek  drainage  (4,300  acres] 
Clearcut       26.0       15 
Road          3.5        15 
Forest        70.5 90 

Total       100.0 


31 

2 

6 
5 


13 


38 


3 

.11 

6 

1.67 

6 

.01 

15 


Swanson,  Frederick  J. 
University,  Corvallis. 


Unpublished  data  on  file  at  the  School  of  Forestry,  Oregon  State 


a  torrent  to  stop  sooner  due  to  increased 
friction  among  the  large  pieces  of  debris 
being  churned  along  and  against  the  adja- 
cent valley  walls  and  vegetation.  There 
may  be  a  trade  off  of  shorter,  vrider 
torrent  tracks  down  debris  filled 
channels  in  comparison  with  longer, 
narrower  tracks  in  cleared  streams. 
From  observations  in  the  H.  J.  Andrews 
Experimental  Forest  and  Alder  Creek 
Watershed,  it  appears  destructiveness 
of  torrents  reflects  the  volume  of 
slide  material  initially  entering 
the  stream  rather  than  the  pretorrent 
debris  load  of  the  channel. 

Origins  of  Debris  Accumulations 

The  spatial  distribution  of  debris 
accumulations  in  streams  is  controlled 
by  the  stability  of  adjacent  soils  and 
timber,  the  history  of  debris  movement 
down  the  channel,  the  shape  of  the 
channel,  and  perhaps  other  processes. 
Accumulations  may  form  as  a  result  of 
instream  sorting  during  high  streamflow. 
In  larger  streams  there  is  greater 
opportunity  for  debris  transport 
and  sorting  to  take  place;  consequently, 
the  debris  in  intermediate  and  large 
streams  tends  to  be  concentrated  in 
distinct  accumulations.  Generally, 
organic  debris  in  small  streams  is 
randomly  distributed.   Because  of 
this  scattering  of  debris  and  the 
large  size  of  individual  pieces 
relative  to  channel  dimensions,  it 
is  seldom  possible  to  identify 
individual  accumulations  in  first- 
and  second-order  streams. 

Accumulations  may  also  originate 
from  influences  outside  the  channel 
where  several  large  pieces  of  debris 
enter  the  stream  in  a  single  event. 
This  may  happen  where  a  group  of 
trees  are  blown  down  in  "domino" 
fashion,  where  streamside  or  hillslope 
slides  enter  a  stream,  or  where 
deposition  occurs  at  the  end  of  a 
debris  torrent  track. 

The  mode  of  origin  of  an  accumu- 
lation determines  its  structure  and 
function.  For  example,  the  large 


accumulations  at  the  toes  of  earthflows 
tend  to  be  high,  open  stacks  of  debris 
which  are  very  inefficient  at  trapping 
sediment  and  diverting  water  movement. 
On  the  other  hand,  debris  torrent  accumu- 
lations are  typified  by  tight  networks 
of  organic  debris  with  the  upstream 
portion  flooded  with  inorganic  sediment. 
Such  a  structure  efficiently  traps 
sediment  transported  from  upstream. 

Most  debris  accumulations  are  formed 
by  a  variety  of  interacting  mechanisms 
operating  intermittently  throughout  the 
history  of  the  accumulation.  For  example, 
in  a  second-  or  third-order  channel,  an 
initial  accumulation  may  be  formed  by 
several  pieces  of  blowdown.  This  channel 
obstruction  may  then  trap  finer  floated 
debris,  further  closing  off  the  channel 
and  deflecting  the  stream  against  the 
bank.   The  resulting  erosion  may  undermine 
the  bank  and  cause  large  pieces  of 
streamside  vegetation  to  fall  into  the 
stream.   Such  a  historical  sequence  may 
span  several  decades  marked  by  periodic 
shifts  in  the  configuration  of  the 
accumulation  as  large  storms  change  the 
stream  channel  and  the  amount  of  trapped 
sediment. 

Case  Studies 

It  is  useful  to  examine  case  studies 
of  several  streams  to  illustrate  how 
these  generalizations  about  the  origins, 
history,  and  consequences  of  pieces  and 
accumulations  of  debris  apply  in  real 
streams.   For  this  reason,  we  have  studied 
large  organic  debris  in  several  western 
Oregon  streams.  These  streams  have  been 
the  subject  of  other  biologic  and  geo- 
morphic  research;  and  they  were  selected 
to  represent  a  variety  of  drainage  areas, 
stand  types  and  ages,  management  histories, 
and  geologic  and  geomorphic  settings.   In 
each  study  area,  at  least  800  ft  of  stream 
channel  were  mapped.   Here  we  present 
observations  on  sections  of  five  channel 
reaches:   clearcut  and  old-growth  sections 
of  an  intermediate  size  stream.  Mack  Creek; 
an  old-growth  reach  of  a  smaller  stream, 
Zog  Creek;  and  two  unnamed  streams  flowing 
through  young  stands  developed  after  wild- 
fires 75  and  135  years  ago.  All  streams 


drain  areas  of  volcanic  bedrock  of  the 
western  Cascade  range  in  land  managed 
by  the  Willamette  National  Forest. 

The  study  section  of  Mack  Creek, 
located  in  the  H.  J,  Andrews  Experi- 
mental Forest  near  Blue  River  is  a 
third-order  channel  which  drains  about 
1,500  acres.   The  channel  gradient  is 
about  10  percent.   Where  streamflow 
is  not  influenced  by  organic  debris, 
the  bed  is  made-up  of  large  boulders 
up  to  6  ft  in  diameter. 

Zog  Creek  is  located  30  mi  east 
of  Eugene  in  the  Alder  Creek  drainage 
which  has  recently  been  the  subject 
of  erosion  studies  by  Morrison  (1975). 
The  study  section  drains  approximately 
160  acres.   The  mapped  channel  has  an 
average  gradient  of  about  30  percent; 
and  where  there  is  little  influence 
of  organic  debris,  it  flows  over  a 
series  of  bedrock  chutes  and  patches 
of  gravel. 

The  unnamed  streams  flowing 
through  young  stands  are  tributaries 
of  Blue  River  just  north  of  the  H.  J. 
Andrews  Experimental  Forest.  These 
boulder  dominated  streams  drain 
watersheds  of  less  than  40  acres. 

Methods 

In  each  of  the  study  reaches  the 
stream  channel  and  all  pieces  of  organic 
debris  longer  than  5  ft  were  mapped 
using  a  tape,  range-finder,  and 
compass.   For  each  significant  piece 
of  debris  or  debris  accumulation,  data 
were  collected  describing  the  size  of 
principal  pieces  of  debris,  its 
stability,  origin,  and  degree  of 
decomposition;  the  volume  of  trapped 
sediment;  height  of  debris-influenced 
drop  in  water  level;  and,  channel 
characteristics.   Since  most  large 
pieces  in  the  study  area  had  not  been 
transported  by  the  stream,  the  origins 
of  most  pieces  of  debris  more  than 
20  to  30  ft  in  length  could  be 
determined  by  careful  inspection  of 
the  position  of  the  root  wad  or  nearby 
snags  or  topped  and  downed  trees . 


The  time  of  emplacement  of  indi- 
vidual pieces  in  the  Mack  Creek  section 
was  estimated  by  dating  small  trees, 
commonly  western  redcedar  and  western 
hemlock,  which  were  growing  on  the 
debris.  These  estimates  are  clearly 
minimum  values  because  a  period  of 
perhaps  5  or  more  years  may  have 
elapsed  before  establishment.   In 
some  cases,  it  was  possible  to  date 
scars  on  living  trees  damaged  by  the 
large  debris  falling  into  the  channel. 
Where  dated  debris  overlies  other 
material,  it  was  assumed  that  the 
underlying  material  was  older  than 
the  dated  log. 


Results 


ZOG    CREEK 


The  200-ft  reach  of  Zog  Creek 
mapped  in  figure  2  is  typical  of  many 
small  western  Oregon  and  Washington 
streams  flowing  through  a  steep  walled 
valley  (average  sideslopes  about  90 
percent)  and  an  old-growth  Douglas-fir, 
western  redcedar,  and  western  hemlock 
forest.  The  abundant  large  organic 
debris  has  a  great  influence  on  the 
stream--31  pieces  of  debris  5  or  more 
feet  in  length  have  some  influence  over 
the  movement  of  sediment  and  water 
through  the  200-ft  section.  Deeply 
scoured  pools  are  formed  at  falls  or 
areas  of  convergent  flow  below  obstruc- 
tions.  Approximately  32  percent  of 
the  drop  of  the  stream  is  influenced 
by  debris.   The  debris  has  trapped  an 
estimated  25  yds  of  sediment  in  small 
bars  and  shallow  pools  above  obstructions, 
All  of  the  large  debris  appears  to  be 
very  stable.   Several  trees  of  about 
1.5-ft  dbh  have  grown  on  old,  rotten 
pieces  of  debris  in  the  channel,  sug- 
gesting that  as  the  old  debris  was 
losing  strength  during  decomposition, 
it  was  also  being  anchored  and  reinforced 
by  the  developing  root  system  of  the 
living  tree.  This  also  indicates  that 
the  channel  has  experienced  no  violent 
flushing  event  in  the  past  60  plus  years. 
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Figure   2 .--Map  of  large   organic  debris   and  other  material 
in   a   200-ft   forested  section   of  Zog   Creek. 


MACK  CREEK  -  FORESTED  SECTION 

Maps  of  two  adjacent  200-ft 
sections  of  Mack  Creek  are  shown  in 
figures  3  and  4.   This  stream  reach 
is  probably  representative  of  steep 
channels  20  to  30  ft  in  width  flowing 
through  old-growth  stands  in  the 
Pacific  Northwest.   As  in  the  case  of 
Zog  Creek,  Mack  Creek  contains  abundant 
coarse  organic  debris.   The  study  area 
is  part  of  a  stream  section  in  which 
Froehlich  et  al.  (1972)  measured 
11.7  tons  of  large  debris  (greater 
than  4  in)  per  100  ft  of  channel. 

The  large  debris  in  the  forested 
section  of  Mack  Creek  forms  a  series 
of  distinct  accumulations  which  play 
a  variety  of  roles  in  the  stream 
environment.   Accumulations  MA- 14  and 
MA- 18  (figs.  3  and  4)  converge  the 
flow  into  a  scoured  pool  near  the 
center  of  the  channel;  MA- 13  and  MA- 15 
deflect  the  stream  away  from  one  bank, 
forming  scour  pools  against  the  far 
bank;  MA-16  and  MA-17  effectively 
intercept  sediment  and  floatable  fine 
organic  matter  across  the  entire 
channel  and  develop  broad,  shallow, 
depositional  pools  upstream  and  deeper, 
narrower  plunge  pools  at  the  base  of 
falls;  MA-12  is  mainly  floated  debris 


thrown  up  on  the  bank  on  the  outside 
of  a  bend,  thereby  offering  some  pro- 
tection from  streambank  undercutting. 
These  accumulations  have  trapped  and 
temporarily  stabilized  over  300  yd-^  of 
sediment.   The  debris  also  influences 
about  50  percent  of  the  drop  of  the 
stream  through  this  400-ft  reach.   A 
variety  of  data  on  each  accumulation 
is  shown  in  table  2. 

Most  pieces  of  debris  more  than 
30  ft  in  length  have  not  moved  since 
they  entered  the  stream  as  windfall. 
Only  a  few  trees  appear  to  have  been 
undercut  by  the  stream  prior  to  toppling 
into  the  channel.  The  accumulations  are 
composed  of  10  to  60  percent  floated 
debris  up  to  about  25  ft  in  length. 

Minimum  dates  on  the  emplacement 
of  major  pieces  of  debris  indicate  they 
have  had  surprisingly  long  histories 
of  stability  in  the  channel  (table  2 
and  figures  3  and  4) .   Five  of  the  seven 
accumulations  originated  more  than  20 
years  ago,  and  MA- 13  appears  to  be  in 
part  more  than  100  years  old.   This 
indicates  that  flushing  of  major  pieces 
of  debris  through  this  channel  has  not 
occurred  in  the  past  century. 

In  the  mapped  stream  reach, organic 
debris  has  greatly  modified  gross 


Figure   3. — Map  of  large   organic  debris   and  other  material   in   a   200- ft 
forested  section   of  Mack   Creek   immediately   upstream   from   the  section 
in   figure   4. 


-^-WATER     FLOW 
CS^-LOG     HEIGHT   ABOVE    LOW    WATER,  FT 

t=l-ROOT    WAD 
i%:%^-FLOATED    ORGANIC    DEBRIS 


i^BI-TRAPPEB    SEDIMENT 
©-LARGE    ROCK 

ACCUMULATION    NUMBER 
MIMIMUM  TIME  AT  SITE.YR 


|MA-I3 


Figure   4. --Map  of  large  organic  debris   and  other  material   in  a   200- ft 
forested  section  of  Mack  Creek  immediately  downstream  from  the  section 
shown  in  figure  3. 


Table  2--Data  on  debris  aoaumulations  in  400-foot  section  of  forested  Mack 
Creek.      Shaum  in  figures   S  and  4.     Ages  were  determined  in  1975. 


Debris 
accumulation 


Debris 
influenced 
stream  drop 


Trapped 
sediment 


Channel 

width 

affected 


Floated 
debris 


Age  of 

core  of 

accumulation 


Feet 

Cubic  years 

Percent 

Percent 

Years 

MA-12 

0 

15 

30 

60 

63+ 

MA-13 

3 

45 

60 

10 

108+ 

MA- 14 

0 

40 

100 

50 

21+ 

MA-15 

0 

5 

30 

10 

21+ 

MA- 16 

8 

120 

100 

25 

30+ 

MA- 17 

5 

50 

75 

50 

11+ 

MA-18 

4 
20 

30 
305 

80 

40 

9  to  10 
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channel  morphology  in  two  cases. 
Accumulations  MA-16   and  MA-17  have 
caused  a  pronounced  widening  of  the 
channel  by  developing  overflow   channels 
along  the  east  bank.      The  history  of 
MA-13  began  over   100  years   ago  when 
the  central  piece  of  the  accumulation, 
a  massive  western  redcedar,   fell 
diagonally  up   the   channel,   perhaps 
as   a  result   of  streambank   cutting. 
As   other  organic  debris    collected 
against  this  obstruction,   the   channel 
was  more  effectively  diverted  into 
the  eroding  streambank;   so  now  most 
of  the  streamflow  goes   around  the 
accumulation. 


MACK    CREEK    -    CLEARCUT   SECTION 

A  200-ft  section  of  the  clearcut 
portion  of  Mack  Creek  is  shown  in 
figure  5.   The  area  was  cut  but  not 
yarded  before  the  winter  of  1964-65. 
Extremely  high  stream  flows  during 
winter  moved  logs,  slash,  and  roots 
downstream  and  lodged  them  behind  a 
massive,  pre-existing  debris  jam  in 
a  stand  of  old  growth  at  the  base  of 
the  unit.   Froehlich  et  al.  (1972) 
found  the  clearcut  section  contains 
only  about  4  percent  of  the  large 
debris  observed  in  the  forested  section 
immediately  upstream.   They  also  found 


f 


Cll-ROOT   WAD 
«%S%4-FLOATE0   ORGANIC    DEBRIS 


WILLOW    COVERED    BOULDER   BAR 


Figure  5. — Map  of  large  organic  debris  and  other  material   in  a  200-ft  clearcut 
section   of  Mack  Creek  downstream  from  sections   shown  in  figure   3   and   4. 
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the  fine  debris  in  the  clearcut  area 
was  44  percent  of  the  concentration 
in  the  forested  stream  reach  7  years 
after  logging.  The  large  debris 
present  has  practically  no  influence 
on  sediment  storage  and  the  pattern 
of  pools,  falls,  and  riffles.  All  of 
the  debris  in  the  channel  appears  to 
be  floatable  at  high  streamflow. 
Although  we  do  not  know  channel  con- 
ditions before  logging  and  roadbuilding, 
the  present  appearance  and  distribu- 
tion of  the  debris  indicates  none  of 
the  prelogging  debris  is  in  its 
original  position. 

Streams  in  Young  Stands 

The  stream  flowing  through  the 
75-year-old  stand  contains  numerous 
pieces  of  large  organic  debris  derived 
from  the  previous  old-growth  stand  as 
well  as  smaller  diameter  pieces  from 
the  postfire  stand.  The  older  debris 
still  has  an  important  influence  on 
the  movement  of  sediment  and  water 
through  the  channel .  The  stream  in 
the  135-year-old  stand  also  contains 
abundant  debris,  but  pieces  from  the 
prefire  stand  are  highly  decomposed 
and  have  less  influence  on  the  stream 
than  debris  from  the  postfire  stand. 
Large  organic  debris  is  an  important 
factor  in  these  stream  environments 
even  after  severe  wildfires. 

Discussion 

The  quantity  of  debris  in  a 
stream  channel  at  any  time  reflects 
a  balance  between  the  processes  con- 
trolling the  debris  inputs  and  outputs 
of  the  stream  system.   Factors  which 
control  the  input  of  large  debris  are 
age  and  condition  of  the  surrounding 
timber  stand,  the  stability  and  steep- 
ness of  banks  and  adjacent  hillslopes, 
and  the  ability  of  the  stream  to 
transport  in  new  material  from 
upstream  channel  areas .  The  export 
of  large  organic  debris  is  determined 
by  the  ability  of  the  stream  to  float 
debris  downstream,  rates  of  decomposi- 
tion and  physical  breakdown  of  debris 
in  channels,  and  the  probability  of 


debris  torrents  flushing  out  the  channel. 
In  many  instances  input  and  output  take 
place  in  sporadic  events  occurring  every 
few  decades  or  centuries.  These  include 
major  episodes  of  blowdown,  extreme 
discharge  events,  debris  torrents, 
and  stream  cleanup  following  logging. 
In  most  streams,  however,  it  is  a 
continual  give  and  take  situation,  with 
one  debris  accumulation  slowly  growing 
as  it  traps  floated  material  while  the 
next  accumulation  along  the  stream  may 
be  collapsing  and  breaking  up  into  small, 
floatable  pieces  after  a  long  period  of 
rotting.   It  is,  therefore,  important 
to  view  the  status  of  stream  debris  in 
a  historical  perspective. 

Several  lines  of  evidence  suggest 
that  during  premanagement  time,  small 
streams  have  had  high  concentrations 
of  debris  throughout  most  stages  of 
succession  of  the  surrounding  vegetation. 
Rotting  of  logs  in  or  above  streams  is 
appreciably  slower  than  where  they  are 
lying  on  the  groixnd.  Therefore,  debris 
may  have  a  long  residence  time  in  the 
stream  environment,  possibly  remaining 
in  channels  well  into  a  second-growth 
stand  developed  after  wildfire.   Flushing 
of  channels  appears  to  be  controlled  more 
by  slope  stability  factors  (debris  slide 
and  earthflow  activity  within  the  drainage) 
than  by  cycles  of  debris  accumulation  in 
the  channel  that  are  terminated  by 
periodic  cleaning.  These  observations 
indicate  small  streams  draining  moderately 
stable  watersheds  have  contained  abundant 
large  organic  debris  for  much  of  the  past 
few  thousand  years. 

Many  of  the  basic  elements  of  the 
history  and  function  of  large  stream 
debris  are  clearly  seen  in  the  study 
sections  of  Zog  and  Mack  Creeks.   On 
the  basis  of  these  field  studies,  we 
conclude  that  (1)  large  concentrations 
of  debris  in  streams  occur  naturally; 
(2)  debris  may  have  residence  times  to 
more  than  a  century;  (3)  debris  increases 
the  "roughness"  of  the  channel,  causing 
sediment  and  floated  organic  matter  to 
be  trapped  and  slowing  the  movement  of 
these  materials  through  the  stream  system; 
(4)  a  large  proportion  of  the  stream  drop 
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is  in  fall  over  debris,  thereby  dissi- 
pating much  of  the  stream's  energy  at 
a  few  points  along  the  channel  rather 
than  more  uniformly  along  the  channel 
as  is  the  case  in  similar  streams 
which  are  debris-free;  and  (5)  the 
impact  of  large  debris  on  channel 
morphology  is  complex  because  debris 
causes  widening  and  narrowing, 
deepening  and  shallowing,  and  stabili- 
zation and  destabilization  at  different 
points  along  the  channel  bed  and  banks. 
On  larger  streams  which  can  float 
most  of  the  debris  which  enters  them, 
the  debris  plays  a  rather  minor  role 
in  the  stream  environment. 

In  addition  to  stream  size,  the 
role  of  debris  in  streams  also  varies 
in  response  to  some  factors  which 
change  in  a  roughly  systematic 
fashion  from  one  geographic  area  of 
the  State  to  another.   For  example, 
many  streams  in  the  Klamath  Mountains 
carry  heavy  gravel  loads,  but  streams 
draining  the  sandstones  of  the  Coast 
Ranges  generally  contain  little  gravel. 
Plant  communities  also  vary  between 
the  two  areas.   Consequently,  the 
concentration,  stability,  and  function 
of  stream  debris  is  likely  to  vary 
significantly,  necessitating  different 
management  strategies.   In  Coast 
Range  streams,  debris  might  profitably 
be  managed  at  somewhat  higher  con- 
centrations to  slow  bedload  movement 
and  enlarge  spawning  areas;  but  in 
sediment-rich  Klamath  Mountain  streams 
lower  levels  of  debris  may  facilitate 
the  movement  of  gravel  and  reduce 
aggradation  and  bank  cutting.   Such 
generalities  clearly  require  more 
study,  but  they  may  eventually  be 
useful  in  developing  regional  guidelines 
for  debris  management. 

Clearcutting  and  cleaning  of  the 
stream  corridor  will  have  differing 
impacts  under  different  stream  condi- 
tions; but,  in  general,  these  alterations 
have  three  important  effects  on  stream 
debris:  (1)  removing  large,  pre-existing 
stable  pieces  of  debris  from  the  stream; 
(2)  possibly  increasing  the  concentration 
of  small,  unstable  debris  both  by  fresh 


input  to  the  channel  and  by  release  of 
material  previously  stored  behind  large 
debris;  and  (3)  eliminating  the  source 
of  fresh,  potentially  stable  pieces  by 
removing  the  timber  stand.   Consequently, 
a  cleared  stream  is  deprived  of  coarse 
organic  matter  until  it  is  supplied  by 
debris  transport  from  forested  sections 
upstream  or  until  the  second-growth  stand 
begins  to  supply  fresh  inputs  of  large 
debris.   This  second  factor  is  a  long- 
term  proposition  which  may  be  short- 
circuited  by  frequent  cropping  of  the 
trees . 

What  are  the  long-term  consequences 
of  eliminating  large  organic  matter 
from  streams?  Of  course,  it  is  impossible 
to  answer  with  certainty;  but  it  seems 
likely  many  small  streams  will  undergo 
downcutting  and  become  effectively 
"channelized"  on  bedrock  or  a  stable 
boulder  pavement.   A  stream  which  had 
previously  flowed  over  a  series  of 
steps  formed  by  debris  will  assume  a 
more  uniformly  steep  profile  and 
experience  other  changes  in  channel 
geometry.  There  will  be  a  resulting 
decrease  in  diversity  of  stream  habitat 
as  biologically  productive,  debris- 
related  depositional  pools  are  eliminated. 
Increased  water  velocity  will  also  con- 
tribute to  the  accelerated  transport  of 
fine  organic  matter  through  the  channel 
system,  thereby  decreasing  the  opportunity 
of  stream  organisms  to  process  the 
material.   Consequently,  the  removal  of 
large  debris  from  streams  may  reduce 
long-term  biological  productivity  and 
increase  the  rate  of  sediment  transfer 
from  headwater  streams  to  downstream 
are  as . 

Progressive  design  and  management 
of  logging  operations  and/or  buffer 
strips  (Froehlich  1973,  Brown  1974)  will 
help  to  minimize  the  impacts  of  both 
long-  and  short-term  alterations  of 
the  stream  environment.  Some  generalized 
guidelines,  now  practiced  in  many 
management  circles,  are: 

1)  Minimize  or  eliminate  any  input 
of  new  material  to  the  stream. 
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2)  Base  stream  cleaning  decisions 
on  biological  considerations. 
Money  for  cleaning  to  minimize 
debris  torrent  hazards  in 
channels  might  be  better  spent 
on  improved  roads  and  logging 

1 ay out , 

3)  Leave  pre-existing,  stable 
pieces  of  large  debris  in  the 
stream  without  disturbing 
them.   This  could  be  done  by 
cruising  the  channel  and  marking 
large  stable  pieces  to  be  left 
by  the  logger.   If  floatable 
logging  slash  does  enter  the 
stream,  the  presence  of  stable 
pieces  may  help  minimize  the 
the  type  of  flushing  problems 
described  by  Rothacher  (1959). 

4)  When  considering  the  trade-offs 
of  buffer  strips,  recognize 
them  as  future  sources  of 
large  stable  debris  for  the 
stream.   Maintaining  buffer 
strips  may  help  to  keep  some 
stream  management  options 

open  if  further  study  demon- 
strates in  certain  situations 
streamside  stands  are  important 
as  sources  of  large  organic 
matter  for  the  stream. 

The  management  of  massive  debris 
jams  presents  a  special  set  of  problems. 
There  presently  seems  to  be  a  strong 
concern  to  remove  jams  because, 
although  they  do  occur  naturally, 
many  stand  as  monuments  to  past 
management  mistakes.   Vfliere  jams  have 
trapped  large  volumes  of  mineral  sedi- 
ment containing  abundant  fine  material, 
as  is  often  the  case  in  depositional 
areas  of  debris  torrents,  there  are 
distinct  advantages  to  not  removing 
the  large  organic  debris.  The  question 
is  often  one  of  releasing  a  large 
volume  of  sediment  over  a  few  years 
or  allowing  it  to  be  naturally,  slowly 
routed  downstream  over  much  longer 
periods  of  time. 

With  both  moderate  and  excessive 
debris  loads  in  streams,  there  is  no 


single,  simple  set  of  rules  which  can 
be  applied  indiscriminately  throughout 
western  Oregon.   Each  site  presents  a 
different  set  of  conditions  of  stream 
biology,  channel  gradient,  status  of 
stream  debris,  conditions  of  surrounding 
timber  stand,  abundance  and  size  of 
bedload,  and  slope  stability  in  the 
drainage.  The  great  complexity  of  the 
stream  environment  means  each  site  must 
be  inspected  in  the  field  and  treated  on 
an  individual  basis.   Debris  management 
problems  call  for  a  high  degree  of 
cooperation  between  specialists  and 
administrative  personnel. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Developing  and  evaluating  alternative  methods  and 
levels  of  resource  management. 

3.  Achieving  optimum  sustained  resource  productivity 
consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  are  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 


Mailing  address:    Pacific  Northwest  Forest  and  Range 
Experiment  Station 
P.O.  Box  3141 
Portland,  Oregon  97208 


GPO    997-61  6 


The  FOREST  SERVICE  of  the  U.S.  Department  of  Agriculture  is  dedicated 
to  the  principle  of  multiple  use  management  of  the  Nation's  forest  resources 
for  sustained  yields  of  wood,  water,  forage,  wildlife,  and  recreation. 
Through  forestry  research,  cooperation  with  the  States  and  private  forest 
owners,  and  management  of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater  service  to 
a  growing  Nation. 

The  U.S.  Department  of  Agriculture  is  an  Equal  Opportunity  Employer. 
Applicants  for  all  Department  programs  will  be  given  equal  consideration 
without  regard  to  race,  fcolor,  sex  or  national  origin. 
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